City University of New York (CUNY)

CUNY Academic Works
Dissertations and Theses

City College of New York

2022

Youth Musicians’ Executive Functioning and its Impact on
Emotional and Behavioral Health
Michael A. Tate
CUNY City College

How does access to this work benefit you? Let us know!
More information about this work at: https://academicworks.cuny.edu/cc_etds_theses/1016
Discover additional works at: https://academicworks.cuny.edu
This work is made publicly available by the City University of New York (CUNY).
Contact: AcademicWorks@cuny.edu

Running head: MUSIC & SELF-REGULATION

Youth Musicians’ Executive Functioning
and its Impact on Emotional and Behavioral Health.

Michael Tate, MA
The City College of New York, The City University of New York

A dissertation submitted to the Graduate Faculty in Clinical Psychology in partial fulfillment of
the requirements for the degree of Doctor of Philosophy, The City College of The City
University of New York
August, 2022

MUSIC & SELF-REGULATION

© 2022
MICHAEL A TATE
All Rights Reserved

ii

MUSIC & SELF-REGULATION
Youth Musicians’ Executive Functioning
and its Impact on Emotional and Behavioral Health.

by
Michael Tate, MA

This manuscript has been read and accepted for the Graduate Faculty in Clinical Psychology in
satisfaction of the dissertation requirement for the degree of Doctor of Philosophy.

Date

Sarah O’Neill
Chair of Examining Committee

Date

Steven Tuber
Director of Clinical Training

Supervisory Committee:
Sasha Rudenstine
Adriana Espinosa
Steven Tuber
Diana Puñales

THE CITY UNIVERSITY OF NEW YORK
iii

MUSIC & SELF-REGULATION

ABSTRACT
Youth Musicians’ Executive Functioning and its Impact on Emotional and Behavioral Health
By
Michael A Tate
Advisor: Sarah O’Neill, PhD

A growing body of neuroscience literature shows that music promotes brain development
as learning a music instrument involves multiple brain regions and neurocognitive systems. In
partnership with a non-profit organization with a mission to strengthen New York City
communities through music education programs, this study aimed to evaluate the effects of
music training on children’s executive functioning (EF), as well as emotional and behavioral
outcomes. We hypothesized that (i) children’s EF would develop more rapidly with exposure to
the program; (ii) the intensity of practice would be associated with rate of growth of children’s
EF, emotion regulation and behavior; (iii) greater change in EF would be associated with change
in behavior and emotion regulation, such that individuals with greater change in EF would show
improved emotion regulation and behavioral functioning; and (iv) EF growth would moderate
the impact of music training on behavior and emotion regulation.
This pilot study evaluated children (N=29; 4-17 years of age) in the fall of 2019 and then
again, approximately 6-months later at the end of the Spring of 2020. Participants received in
person, weekly private lessons on string instruments, took part in 3 levels of Musicianship and
participated in ensemble rehearsals until March of 2020 when the COVID-19 pandemic
necessitated a change to remote instruction. At baseline and follow-up, students’ music teachers
completed measures of executive functioning (the BRIEF-P/BRIEF-2), emotion regulation
(BASC-3 Emotional Self-Control subscale), Inattention, Hyperactivity and Aggression (Conners
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3), and children aged 8 and older self-reported their own Inattention, Hyperactivity and
Aggression (Conners 3). Teachers took attendance at each lesson to enable time spent practicing
to be quantified.
Hayes’ PROCESS was used to carry out moderation analyses to determine whether the
relations between attendance and teacher- and child-rated outcome variables were moderated by
growth in executive functioning. Results indicated that Change in Executive Functioning
moderated the association between music training attendance and teacher-rated Inattention. That
is, for children with higher levels of growth in EF, better attendance was associated with reduced
Inattention from baseline to follow-up, but for children with less growth in EF, better attendance
was associated with worse Inattention from Time 1 to Time 2. No other significant findings were
obtained.
This study provides preliminary evidence into the effects of learning a musical instrument
on children’s outcomes, and the potential individual differences that might affect for whom
benefits are observed. Findings may also reflect the impact of the COVID-19 pandemic, which
was a significant, ongoing stressor and contextual factor during the current study. Last, several
non-significant findings may also help to guide design of future work to test the effectiveness of
learning a musical instrument on children’s development.
Keywords: Executive Functioning; Cognition; Inattention; Neurodevelopment;
Environmental Enrichment; Hyperactivity/Impulsivity; Emotion Regulation; Remote Learning;
Children; Adolescents; Music; Music Training.
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Preface
The students stare at the plastic boxes of all different shapes and sizes with bated breath.
It’s a type of excited anticipation they have grown accustomed to in their 5 years at school. The
seed was planted in kindergarten when they entered the music classroom doe eyed and anxious
about what to expect. For most kindergarteners this was their first time exposed to these foreign
objects. Many marvelous objects that shine or tower; have buttons to press; holes to cover;
strings to pluck; however, they are unable to do so by rule and by ability. They sat and wondered
and waited. During that year they played one or two instruments, but they mostly sang and
danced. They percussed, they stomped, they marched, they listened and learned. They learnt that
these shiny objects are instruments and one day they will have the opportunity to play them.
Year by year they checked off instruments they knew and thought about their preferences. “Do I
want to continue to play piano?” Do I want to play trumpet? Or Guitar?” They pondered, but still
waited, for they were not in the fourth grade and still had much to learn. However today they sat
and stared out the window watching Mr. Tate drag in box after box of different shapes and sizes.
They knew today was the day. Those once anxious kindergarteners turned into enthusiastic
fourth graders as they were called in groups of 3 or 4 to the music rooms to finally play what was
once unattainable. They gazed overwhelmed by choice. “Do I start with a trumpet or a
trombone? A clarinet or a flute?” No matter the choice, the routine was the same. A missed
attempt to produce a sound that threatened their self-esteem, but was warded off by their
persistence to conquer. “It is okay. You just need more air…make the mmm sound… like you’re
about to eat your favorite dish…make your lips sound like an airplane or motorcycle…more
air…all the air you can muster.” Words of instruction and encouragement. All our efforts leading
to this fateful moment of joyful sound - horns announcing the laughs and smiles that follow.
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Beaming with pride in the moment, this sonic victory, like music itself, eventually fades
into their distant memory. For a majority of the seven hundred students I see year to year, music
will not be their profession. They will not attend conservatory, sell out concerts or even continue
to play their instrument in high school. If that were my metric of success, I would truly feel lost.
Rather, I profess the aim of music education has never been to make a world of virtuosi. Though
playing proficiently and in tune has its place - an admirable attainment for teacher and student
alike – I know the students’ joy, effort, and dedication as their true accomplishments. They carry
it with them across all their endeavors and if a teacher finds himself fortunate, they will remind
him of music’s universal impact on mankind. I have on occasion been gifted such fortunes - one
of which I would like to close on. They wrote, “Music plays a huge role in my life…. As
someone with ADHD, music often helps me focus…. While I don't play any instruments or do
anything of the singing sorts, I song write for my best friend and help her produce music… I am
forever grateful to have crossed paths with you.”
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Chapter I: Introduction
Music has been a constant presence in all known societies - every human culture has
music (Brown, Merker, & Wallin, 2005). Musicians have attempted to define music so that its
quale or essence is appropriately captured. One such definition from Claude Debussy states
“music is precisely the art which is closest to nature, the art which lays for her the most subtle
trap… only musicians have the privilege of capturing all the poetry of night and day, of earth and
sky, the privilege of reconstituting its atmosphere and giving the rhythm of its immense
palpitation” (Dylan, 2005; pg. 222).
Formally, music is defined as “the science or art of ordering tones or sounds in
succession, in combination, and in temporal relationships to produce a composition having unity
and continuity” (Music, n.d.). Broadly, however, music has been described as a language. As
such, music has syntax – rules for ordering notes, chords and intervals into complex structures
(Patel, 2003, Maess et al., 2001). It is also symbolic: it conveys thoughts, ideas and emotions
(Koelsch et al., 2004). Fromkin (1978) noted that evidence for music as a language is found in
the fact that over half of the 5,000 languages spoken today are tonal; that is, semantic meaning is
derived from and changed by varying the pitch and contour of similar sounding words. Thus,
music serves a communicative function.
There is general consensus among researchers that the evolution of music and language at
the very least co-occurred 100,000 years ago (Harvey, 2018). Archeological evidence of
instrument making appears at least 43,000 years ago. Further, in his review of literature, Harvey
(2018) states that both music and language were only able to develop after development of
enhanced neural plasticity, improved attention mechanisms, greater capacity for abstract thought,
a vastly improved speed of learning, and enhanced working memory and storage capability
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(Harvey, 2018). Thus, it is possible that music has always in some way been connected to higher
order reasoning, possibly providing a bridge to our primitive centers of the brain (AnguloPerkins et al., 2014; Koelsch, 2014; Norman-Haignere et al., 2015).
Ujhelyi, Molino, Jerison, Falk, and Brown (2005) question the equating of music and
language. They argue that while music and language hold many similarities, such as described
above, they also hold significant differences. For example, localization of music in the brain is
different than that of language (Koelsch et al., 2002). Furthermore, music has never been the
primary tool of communication, which has led many people to ponder its utility. What is its
purpose? What are its benefits to culture as a whole? Given that language is critical in the
development of cognitive functioning (Gilkerson et al. 2017; Gilkerson et al., 2018), and music
and language share many similarities, is it possible that music also serves a benefit to cognitive
development?
Evolutionary psychologists have theorized that music enhances cognitive and motor skill
development (Harvey, 2018). Although it is hard to determine validity of such speculation from
archeological evidence, contemporary music cognition studies support the notion that music
enhances various cognitive abilities. Emerging evidence suggests that music training is
associated with improved cognitive functions, such as auditory attention (Moreno and Bidelman;
2014, Roden, Könen, Bongard, Frankenberg, Friedrich, & Kreutz 2014; Posner, 2014) working
memory (Cowan, 2016), and inhibitory control (Hennessey, Sachs, Ilari, & Habibi, 2019).
However, the findings are at best moderate and inconsistent. Furthermore, little research has
been conducted connecting the cognitive benefits of music training with improved behavioral
outcomes and emotional functioning. Studies from similar domains such as play (Diamond, Lee,
Senften, Lam and Abbott, 2019) and physical activity (Oberer, Gashaj, & Roeber, 2018) suggest
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that environmentally enriching activities, such as music, have potential to promote executive
functioning development. Unfortunately, music training studies have struggled to consistently
show results that parallel those of physical activity and play. One explanation for this
discrepancy is there is a lack of consolidated operationalized definition and uniform method to
measure music pedagogy across studies. Nevertheless, exploration of the purpose of music and
its role in cognitive and behavioral development is increasingly gaining interest amongst
cognitive scientists (Fasano, Semeraro, Cassibba, Kringelbach, Monacis, Palo, Vuust and
Brattico, 2019; Gubert & Hannan, 2019; Habibi, Damasio, Ilari, Sachs, & Damasio, 2018;
Hennessey, Sachs, Ilari, & Habibi, 2019).
The aim of the current pilot study was to further this new body of evidence by
longitudinally studying the effects of sustained music training on executive functioning, as well
as on emotional and behavioral health among children and adolescents. We hypothesized that
children’s executive functioning would show greater development from sustained music training
and that intensity of practice would be associated with rate of growth of children’s EF, such that
greater amounts of practice would be associated with a greater rate of EF development. Further,
behavior and emotion regulation would be positively related to time and practice in the program.
Last, EF growth would serve as a moderator of the impact of music training on behavior and
emotion regulation, such that greater change in executive functioning would be associated with
greater positive change in behavior and emotion regulation over time.
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Chapter II: Literature Review
Executive Functioning
Executive Functions (EFs) are a set of cognitive processes that guide our behavior and
allow us to make adaptive decisions during our everyday lives (Holmboe, Bonneville-Roussy,
Csibra, & Johnson 2017). EFs are most needed when reacting automatically would be
problematic or inadequate (Diamond, 2011). As such, engaging the EFs requires significant
effort (Diamond, 2011).
EFs are generally separated into three core domains, Inhibitory Control (IC; one’s ability
to suppress or overcome a prepotent response), Working Memory (WM; the process of keeping
information in mind and manipulating that information) and cognitive flexibility (CF; one’s
ability to selectively switch between mental processes, to generate appropriate behavioral
responses), which serve as the foundation for EFs such as reasoning, problem solving, and
planning (Diamond, 2012). It has been well-established that typical EF develops as the prefrontal
cortex matures (Blair, 2016). A general consensus of research is that development of EFs is nonlinear. There is rapid development of EFs during early childhood from the ages of 2.5 – 5 years
(Garon, Bryson, & Smith, 2008; Wiebe, Espy, & Charak, 2008; Wiebe et al., 2011), which
generally speaking coincides with the child’s ability to receive verbal instruction. As such, it
becomes difficult to trace development of EF and precursors to it before the age of 2 (Holmboe,
Bonneville-Roussy, Csibra, & Johnson 2017). However, although research on EFs in early
infancy is sparse, many researchers agree that EFs are present in some form from infancy –
specifically Inhibitory Control and Working Memory.
The last few decades marked significant growth in our understanding of early EF
development. Before, comparatively little was known about EF development in infancy and early
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childhood. As such the framework we use to conceptualize EF development is fairly new.
Initially, researchers such as Baddeley (1986) considered EF to be a unitary construct with
subprocesses directed by the central attention system called the central executive. This view was
supported by consistent findings of EF intercorrelation in both children and adults (Garon
Bryson & Smith, 2008). In contrast Diamond (2001, 2002) proposes a model that emphasizes
dissociable EF processes. Furthermore, when looking at working memory and inhibition,
variation exists in the developmental timing of each. This led researchers to propose an
integrative framework that combines components of both frameworks (Miyake et. al 2000).
Miyake and colleagues derived three common EF variables that separated common EF tasks –
IC, WM, and CF. Furthermore, they took these three variables and formed a model where the EF
variables were split into three partially independent but still correlated factors. This model was
found to be the best fitting model in participants as young as 8 and all the way until adulthood
(Garon, Bryson & Smith, 2008). The model weakens as sample populations regress to earlier
developmental periods and findings suggest that maturation of attentional capacity forms a
foundation for the development of IC, WM, and CF. This foundation may explain the common
variance underlining these various EF skills (Garon, Bryson & Smith, 2008). Sethi and
colleagues (2000) found that differences in attention during infancy predicted later ability to
inhibit responses at age 5 years. Furthermore, performance on attention control tasks (i.e., tasks
that ask for engagement of suppression of a previously held rule in the presence of a different
active rule set) differentiated preschoolers with high and low WM capacities (Espy & Bull,
2005). Baddeley (2002) even viewed attention as a pivotal construct of the central executive.
Given the evidence, researchers have begun to explore the development of attention as a
prerequisite to EF abilities (Garon, Bryson & Smith, 2008).
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Attention
Attention has been described as one’s ability to achieve and sustain a state of alertness, to
orient oneself and select sensory stimuli for preferred processing, as well as the ability to
regulate thoughts and responses in an effortful goal-directed manner (Pozuelos, Castillo, Fuentes
Paz-Alonso, & Rueda, 2014). These functions – alerting, orienting and selection (executive
attention) - have been associated with specific, separate but interrelated neurocognitive networks
that are associated with different cognitive functions. The alerting network, associated with
activation in the locus coeruleus and areas of the frontal and parietal cortices of the brain, is
thought to play a role in one’s ability to sustain attention and to increase response readiness
evoked by external cues. The orienting network, associated with brain structures such as the
superior colliculus, superior parietal cortex, temporoparietal junction and formal eye fields, is
related to one’s ability to divert attention to external cues. The executive attention network,
associated with the anterior cingulate cortex, lateral and ventral prefrontal cortex and the basal
ganglia, involves the ability to resolve task conflict and prioritize tasks (Petersen & Posner 2012;
Pozuelos et al. 2014; Yan, Zhou, Wei, Wang, Cui, Chan & Deng, 2018). Although each network
is related to the others, each develops along a different trajectory. The orienting network grows
considerably in the first year of life, while the alerting network develops later in childhood, with
the most significant changes occurring between the ages of 2 -6 years. Executive attention,
though present in the early infancy, grows more incrementally throughout preschool years and is
greatly affected by development in the alerting and orienting networks. Furthermore, these
separate networks seem to be foundational factors in the development of EF later in early
childhood (Garon, Bryson and Smith, 2008).
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Inhibitory Control
Inhibitory Control (IC) is defined as one’s ability to suppress or overcome a prepotent
response in order to perform an alternate, more desirable action (Holmboe, Bonneville-Roussy,
Csibra, & Johnson 2017; Simpson & Carroll, 2019). Development and improvement in IC has
been found to be associated with changes in cognitive, social, and emotional domains such as
theory of mind and symbolic representation (Carlson, Carlson, Mandell, & Williams 2004;
Carlson & Moses, 2001; Davis, & Leach 2005; Holmboe, Bonneville-Roussy, Csibra, & Johnson
2017). IC can be broken into several components that are tested using a variety of age- and
developmentally appropriate tasks. At its most basic level, children’s ability to choose/respond to
one of two or more stimuli is an essential component. This is most commonly measured in
stimulus–response compatibility (SRC) tasks, a family of inhibitory tasks such as the Day/Night
task (Gerstadt et al., 1994), the Grass/Snow task (Simpson & Riggs, 2009), and Hand Game
(Simpson & Riggs, 2011). During tasks such as these, children are instructed to say the opposite
of the stimulus shown. For example, in the Day/Night task, if shown a moon and stars, the child
has to say “day” and when shown a sun, they have to say “night.” Difficulty of SRC is
determined by a combination of the intentionality of the child and the strength of association
between the stimulus and desired response. Simpson and Carroll (2019) theorized that when a
strong association exists between a response and a stimulus (for example in the Black/White
Task when a child is asked to say black when they see a white card) it becomes harder to
suppress the automatic response triggered. Likewise, when the association is weaker, such as in
the baby Stroop test (a task where a child says a small object belongs to “mommy”; and big
object belongs to “baby”), the association is also less automatic, making it an easier task to
complete. This strength of association between the stimuli and responses leads to differences in
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response, which in turn affects the difficulty of the test. This phenomenon is referred to as
Inhibitory Strength. A child’s Inhibitory Strength increases as they develop and as children’s
inhibitory strength increase, they become able to overcome larger differences in activation of
these responses.
While IC has generally been thought of as a single construct, some researchers have
found that preschoolers’ performance on inhibitory tasks can be reliably dissociated into two
factors (Carlson & Moses, 2001; Murray & Kochanska, 2002). While there is debate within the
developmental community of what accounts for this, a majority of researchers believe that the
division of inhibitory tasks into two factors reflects a distinction between “hot” EFs (i.e.,
involved in highly motivating and/or emotionally salient tasks) and “cool” EFs (i.e., involved in
tasks with low to no motivation and/or emotional salience; Brock, Rimm-Kaufman, Nathanson,
& Grimm, 2009; Kim et al., 2013; Willoughby, Kupersmidt, Voegler-Lee, & Bryant, 2011). The
biggest critique of this proposed theory is that hot and cool tasks are not distinguished solely by
the presence of reward and motivation. That is, when reward and motivation is added to a “cool”
task, it does not simply become “hot”. Garon (2016) suggests that the difference in the two
factors lies in “motivation conflict” (having multiple conflicting motivations in a single task).
That is, a task with motivational conflict, such as a Delay of Gratification task (where the child
has a choice between a small reward delivered sooner or a larger reward for which they have to
wait longer), loads into a different factor than tasks with no motivational conflict. However,
Simpson and Carroll (2019) acknowledge that although this explanation accounts for a majority
of the research, it falls short of explaining the initial factor analysis conducted by Carlson and
Moses (2001). In Carlson and Moses’s initial study only one of ten tasks were considered high in
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motivational conflict. According to Garon’s (2016) theory this would mean that one task should
load onto a factor independent of the others, but this was not observed. Simpson and Carroll
(2019) thus propose a new Strength Endurance Model. In this model, inhibitory control can be
regarded as a single component of executive function, but the tasks that tap inhibitory control can
do so in two distinct factors: inhibitory strength (i.e., degree of effort required to inhibit) and
inhibitory duration (i.e., length of suppression). They further state that these two factors are
associated with different developmental tracks – greater inhibitory strength is associated with
development in reasoning and early academic ability, and longer inhibitory duration is associated
with developmental of self-control, behavioral and emotional adjustment, and later academic
achievement. Such explanations however have been created through the reexamining of past
studies and would need further exploration to give them credence.
Working Memory
Working Memory (WM) is an essential component to memory – the multi-process and
multi-structural processes involved in the storage and subsequent retrieval of information
(Baddeley, 2002). WM refers to the process of keeping information in mind and manipulating
that information in order to guide thoughts and actions (Holmboe, Bonneville-Roussy, Csibra, &
Johnson 2017). Originally proposed in response to The Multi Store Model of Memory (Atkinson
& Shiffrin; 1968), this multi-component model of working memory can be seen as an expansion
of previous held notions of short-term memory (Baddeley & Hitch 1974). It breaks down WM
into a four sub-component system headed by the Central Executive – the control center for
memory. The Phonological Loop is another component of WM that is thought to temporarily
store and register speech-like memory traces that can be kept in working memory through
rehearsal (Baddeley, 2010). The Visuospatial Sketch Pad in a similar way temporarily stores and
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registers visuospatial imagery (Baddeley, 2002). Later Baddeley conceptualized a fourth
component to WM, the Episodic Buffer, which he saw as a more integrative system combining
and manipulating information from other memory stores and conscious awareness into
“episodes” (Baddeley, 2000). Research with children and adolescents suggests that each
memory storage system uses different patterns of activation for simple information held over
time and for complex information requiring updating and manipulation (Alloway, Gathercole,
Willis & Adams, 2004; Gathercole, Pickering, & Ambridge 2004; Smith & Jonides, 1999).
Infant WM is generally operationalized as the ability to hold something in mind, and it is
measured commonly by a delayed response task, such as the A-not-B task (with the infant
looking on, the experimenter hides a desirable toy under towel or box A, which is located within
the infant’s reach; Carlson, Mandell, Williams 2004). There has been some evidence that infants
have this capacity to hold mental representations in their minds even before 6 months of age and
the biggest change in capacity as they get older is in the length of time that they can maintain
these representations (Garon, Bryson & Smith, 2008). Further evidence shows that older infants
use categorical information about objects to identify them, but these categories start out very
broad and can be as simple as human and animate in younger infants. Moreover, this categorical
system also affects their WM, where infants use this system to prioritize certain information over
others in regards to WM maintenance (Kibbe & Leslie 2019). That is, things such as a
categorical identity may be encoded more readily than featural identity (i.e., color, shape, and
orientation). During early childhood, children see increases in the number of items they can
retain and their ability to manipulate mental information. Although longitudinal data on WM
developmental patterns are limited (Garon, Bryson, and Smith, 2008), evidence that does exist
suggests that WM structure shows substantial and consistent growth across childhood giving
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evidence for stability of Baddeley’s tripartite model in children from 6 years of age (Gathercole,
Pickering, Ambridge & Wearing 2004).
Cognitive Flexibility
Cognitive Flexibility is one’s ability to selectively switch between mental processes, to
generate appropriate behavioral responses and enables an individual to work efficiently to
disengage from a previous task, reconfigure a new response set, and implement this new
response set to the task at hand (Dajani & Uddin, 2015). Also known in the literature as “set
shifting,” the construct has been broken down into different shift types determined by whether
the conflict occurs at the perceptual or response stage. The perceptual stage refers to when a
mental set is formed (i.e., an initial association is made between a particular stimulus and a
response), while the response stage refers to the stage after which the participant has shifted to a
new mental set that in some way conflicts with the first (Rushworth, Passingham, & Nobre,
2005). These types include attention shifting and response shifting (also named intention or task
shifting).
Garon, Bryson and Smith (2008) describe attention shifting as involving the requirement
that children analyze a change in a selection rule (i.e., a rule that requires you to distinguish and
select a stimulus based on changing aspects). For example, Attention shifting is commonly
measured in preschool-aged children using Dimension Card Change Sort Tasks (DCCS), where
the child is presented with cards with various categorical dimensions such as color and shape
(i.e., red triangle, blue circle etc.) and are asked to sort by one of those dimensions. After they
sort by one dimension they are then asked to sort by the other. In general, research shows that 3year-old children can sort according to the first rule, but are unable to shift to the second
(Carlson, 2005; Carlson & Moses, 2001; Cole & Mitchell, 2000; Dick, Overton, & Kovacs,
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2005; Frye et al., 1995; Hongwanishkul et al., 2005; Jacques & Zelazo, 2005). Children show
improvement in task performance as they get older and show the ability to shift to a new rule
even as early as 4 years of age (Deák, Ray & Pick 2002; Garon et al., 2008). While there are
many theories that have debated how this change occurs, all acknowledge that the failure of 3year-olds to do so stem from a difficulty overcoming conflict (Garon et al., 2008). Further,
Garon and colleagues (2008) propose that 3-year-olds experience difficulty when there is both a
perceptual conflict in the initial phase and there is overlap or conflict in the mental set they are
being asked to form in the subsequent phase. In sum, 3-year-olds have trouble with shifting set
when they are asked to distinguish between highly similar sets and follow the new rule.
Response shifting tasks are highly related to response inhibition tasks. Garon et al. (2008)
distinguish the two by complexity – inhibition involves more complex tasks and response
shifting involves a response shift learned in the first phase of a task. Further, it differs from both
inhibition and attention switching in that the initial “response set” is not an already established
response and is arbitrary. The response reversal task is the simplest example of response shifting.
the child is presented with two adjacent stimuli over several trials. The child is consistently
rewarded for responding to one of the two stimuli so that activation builds for this stimulus.
Once the child learns this contingency to criterion, the reward is reversed and applied to the other
stimulus. He must inhibit their response to the previous stimulus and now respond to a new
stimulus. As such, response shifting is deeply tied to other EF development. In fact, development
of response shifting mimics a U shape increasing from 5 to 8 months and decreasing after 12
months (Clearfield et al., 2006; Thelen et al., 2001). This U is due to the development of a
child’s ability to form a mental set to shift from. As children gain this ability, their ability to shift
actually decreases. Once they can more comfortably create a mental set, they can then refocus
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shifting their attention to shifting sets. By approximately 12 months, infants are able to shift from
an old to a new response set, with perseveration errors, even after incremental administration of
10 second delays (starting with no delay) over a 6-month span predicated on prior trial
performance (Diamond & Goldman-Rakic, 1989). This persists until about age 5 where they
become increasingly able to shift to new response sets that more strongly conflict with the initial
response set.
Finally, while an extensive evaluation of the neural networks involved in cognitive
flexibility surpasses the scope of this investigation, these structures should nevertheless be noted.
Inferior Frontal Junction (IFJ), ventral lateral prefrontal cortex, posterior parietal cortices, and
insula and anterior cingulate cortices have all been implicated as important structures for
cognitive flexibility (Dajani & Uddin 2015).
EF Development from Childhood through Adolescence
Researchers are increasingly conceptualizing development of EF in childhood with an
extended use of “cool” and “hot” EF (as described in IC above). In this extended view, “cool
EFs” refer to purely cognitive skills, such as WM, and “hot EFs” refer to more affective EF
processes, such as those measured in the Delay of Gratification Task. Past literature supported
the notion that EF development, hot or cool, across childhood and adolescence, was largely
linear. Increasingly, however, there has been evidence that rate of development of hot and cool
functions are incongruent during childhood, where cool EFs show more rapid development
between the ages of 4 and 6 years while development of hot EFs seem to develop later (O’Toole,
Monks, & Tsermentseli, 2018). Further, there is also evidence for development of cool EFs such
as WM to occur in spurts during middle childhood (Brocki & Bohlin 2004; Röthlisberger,
Neuenschwander, Cimeli, & Roebers, 2013; Lensing & Elsner, 2018). Lensing and Elsner (2018)
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found, similarly to O’Toole and colleagues (2018), that there is more rapid growth in the early
periods of middle childhood after which there is a leveling off as a child advances toward
adolescence.
In regard to "hot EFs,” a majority of research points to a gradual increased ability to
delay gratification from childhood to adolescence (Bechara, Damasio, Damasio, & Anderson,
1994; Crone, Bunge, Latenstein, & van der Molen, 2005; Crone & van der Molen, 2004; Hooper,
Luciana, Conklin, & Yarger, 2004; Peterson & Welsh, 2014). That is, before the age of 7 years
children’s decision-making ability is based primarily on short-term gratification with ongoing
linear growth in decision making capacity across childhood (Lensing & Elsner, 2018).
Research on adolescent EF development more or less supports childhood trajectories
showing stabilization of EF in early and middle adolescence with decline in performance on
executive function tasks in late adolescence compared to early/middle adolescence, possibly due
to neural re-organization (Uhlhaas et al., 2009; Taylor et al., 2013). Further research supports
these findings showing decreased performance in cool EF tasks from middle to late adolescence
(Diamond 2013; Dumontheil, Houlton, Christoff, Blakemore, 2010; Taylor, Barker, Heavey &
McHale, 2013). Moreover, Tayler et al. (2015) found evidence that supports the separate
trajectories of hot and cool EF development observed in childhood. Likewise, they found tasks
that tapped into hot EFs had a linear trajectory while cool EF-dominated tasks showed decline
into late adolescence. Understanding the differentiation in EF development trajectory has crucial
implications for understanding the change in rate of growth an intervention may have or at an
age it would be most advantageous to administer.
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EFs and Adaptive Functioning
The rapid development of EFs throughout childhood and adolescence, as well as their
widespread effect on general cognitive functioning makes it a critical variable in the
development of related domains of adaptive functioning, such as academic achievement, social
and behavioral functioning and emotion regulation. Given that EFs are the set of top-down
mental processes that allow individuals to pay attention and solve novel problems and selfmanage (Burgess & Simmons, 2005; Diamond, 2013; Willoughby, Holochwost, Blanton, &
Blair 2014), deficits in EF have wide reaching consequences across the lifespan. EF has been
shown to be related to essential academic abilities such as reading and mathematics, as well as to
predict math and reading performance at the end of the school year (Blair, 2016). Research has
shown that cool EF tasks, especially those involving effortful attention, predict this relationship
(Kim et al., 2013). In regard to reading, EF domains such as WM (Peng, et al., 2018) and CF
(Cartwright et al., 2019) have been shown to have a direct effect on reading achievement at age
6. Additionally, EF has been shown to mediate the relations between attention and age as well as
that of reading achievement during childhood and early adolescence (Berninger et al., 2017;
Blakenship et al., 2018; Cantin et al., 2016). IC and WM have been shown to be positively
associated with math performance in preschool children (Espy et al., 2004). EF has been shown
to be positively related to math performance from preschool through adolescence (Omura &
Matsuta, 2018; Prager, Sera, & Carlson, 2016; Raghubar, Barnes, and Hecht, 2010; Yeniad et al.,
2013).
Emotion Regulation (ER) refers to our ability to control and manipulate the type, duration
and expression of our emotions (Gross, 1998). EFs are moderately correlated with ER in early
childhood and adolescence (Gago Galvagno, De Grandis, Clerici, Mustaca, Miller, & Elgier
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2019; Koven, Welsh, and Roth 2015). It is important to note that ER is a separate concept from
emotions, which have been defined as evolved situation-response tendencies that involve
subjective feeling states, cognition and information processing, expressive displays of behavior,
motivation, and physiological responses (Diamond & Aspinwall, 2003). Diamond and Aspinwall
(2003) emphasize that contemporary work in ER generally describes an integrative multilevel
framework that spans across biological, cognitive, and behavioral research. Research on children
aged 4 to 5 years showed that the hypothalamic–pituitary–adrenocortical (HPA) axis (associated
with emotional experience and regulation across the life course; Stansbury & Gunnar, 1994), is
highly active in well-adapted children. Additionally, children whose reactivity started low-tonormal but increased over time, were more affectively negative and solitary (Gunnar, Tout, de
Haan, Pierce, & Stansbury, 1997). Further evidence of this connection can be observed in
ADHD research, which has found emotional reactivity (one aspect of ER) to be associated with
deficits in cognitive functioning (Graziano & Garcia 2016). Furthermore, research on emotion
dysregulation has found it to be associated with impaired adaptive functioning, including social
functioning (Bunford, Evans & Wymbs 2015; Bunford, Stevens & Becker 2014). Diamond and
Aspinwall (2003) conclude that optimal ER is not a developmental task to be mastered at a
certain age and therefore, not maintenance of a stable set point, but rather an enduring capacity
for flexibility and change—in one’s goals, one’s affective states, one’s use of different cognitive,
behavioral, and social strategies, and one’s reliance on intrapsychic versus interpersonal
processes. If so, ER would serve as a useful addition marking EF growth.
Deficits in domains of EF have also been implicated in several neurodevelopmental or
behavioral disorders including: Conduct Disorder (CD), Oppositional Defiant Disorder (ODD),
Substance Abuse, Depression (Bunford, Stevens & Becker, 2015; Geronimi, Patterson, &
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Woodruff-Borden, 2016) Schizophrenia (Gurbert & Hannan; 2019), and AttentionDeficit/Hyperactivity Disorder (ADHD) (Diamond, 2012). Woltering and colleagues (2016)
found that externalizing disruptive behavior, common for many of the above disorders, was more
strongly associated with hot EFs in middle childhood. Other studies have shown that rate of
growth of EFs affects trajectory of the behavioral disorder across childhood. Among children at
risk for ADHD, a highly common and impairing disorder affecting approximately 11% of the
school-aged U.S. children (Shatkin, 2015; Visser et al., 2014) and 2.5% of adults (Simon,
Czobor, Bálint, Mészáros, & Bitter, 2009), rate of growth of neuropsychological functioning,
including attention and executive functioning, was associated with change in severity of ADHD
behaviors over early childhood. Children with the greatest growth in neuropsychological
functioning showed a declining symptom trajectory, while children with the weakest growth in
executive functioning showed accelerated severity of ADHD symptoms from preschool through
age 7 (Rajendran et al., 2013).
It is important to note that even though EF has been implicated in CD, ODD, Substance
Abuse, Schizophrenia and Depression, there is much heterogeneity in respect to
neuropsychological functioning within each (Baune et al., 2012; Griffith et al., 2019; Seaton,
Goldstein & Allen, 2001; Wåhlstedt et al., 2009). For instance, although EFs are consistently
shown to be weaker in children and adults with ADHD compared to their non-ADHD peers, the
effect size of group differences (ADHD vs. non-ADHD) in EF performance is only moderate
(Willcutt et al., 2005). Furthermore, no single EF deficit is consistently associated with ADHD
(Nigg et al., 2005) and in around one fifth of individuals with ADHD, no EF deficits are seen at
all (Nigg et al., 2005). These findings have led researchers to conclude that environmental
influences on ADHD symptoms function independent of EF deficits (Willcutt et al., 2005). If
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this is so, than interventions that solely address EF deficits may be insufficient and those with
this EF vulnerability may benefit from an environment that is favorable to EF development.
Environmental Factors that Moderate EF development
It has been well documented that EF abilities and/or rate of growth of EFs is associated
with myriad environmental conditions. These factors include, but are not limited to
socioeconomic advantage (John, Kibbe, & Tarullo 2019; Lawson Hook & Farrah, 2017),
psychosocial stress (Taylor, Watkins, Marshall, Dascombe, & Foster 2016, Haft, Hoeft, 2017),
nutrition (Georgieff, Ramel, & Cusick, 2018), parenting style (Towe-Goodman, Willoughby,
Blair, Gustafsson, Mills-Koonce, Cox, & Family Life Project Key Investigators, 2014), pollution
(Harris, Gold, Rifas-Shiman, Melly, Zanobetti, Coull, Schwartz, Gryparis, Kloog, Koutrakis,
Bellinger, Belfort, Webster, White, Sagiv, & Oken, 2016), and heavy metal exposure (Fruh,
Rifas-Shiman, Amarasiriwardena, Cardenas, Bellinger, Wise, White, Wright, Oken, & Claus
Henn, 2019).
The mechanism of action of these environmental factors is not clearly known, but they
likely impact neural functioning, which in turn affects executive functioning. For example, it has
been shown that sustained physiological stress caused by the environment can also lead to
elevated levels of cortisol. Overtime this can result in structural changes to the prefrontal cortex
and subsequent diminished EF performance (Taylor, Watkins, Marshall, Dascombe, & Foster
2016, Haft, Hoeft, 2017).
The presence and potency of many of the environmental risk factors are unequally
distributed in our society. This is of particular concern in the US where significant disparities in
socioeconomic status (SES), education and health disproportionally affect certain racial and
ethnic groups. Individuals who identify as Black/African American or Hispanic/Latino are
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significantly more likely to live in poverty when compared to White or Asian counterparts (Pew
Research Center, 2016) and thus more likely to suffer the detrimental effects of adverse
environments on EF across time. Systemic discrimination against people of color, embedded
within societal structures such as the criminal justice system, education, health, and housing has
had a marked negative impact on the lives of children of color (Bailey et al., 2017; Beck et al.,
2020). Neighborhoods are increasingly segregated by income, with individuals who live in
poorer neighborhoods experiencing greater crime, lower quality, segregated schools, and for
children, less opportunity to take part in extracurricular activities that promote learning,
friendships, and wellbeing (Pew Research Center, 2016). Such conditions lead to lower
employment opportunities, poorer health outcomes, and second-rate education opportunities for
children that can extend generations (Fleischer, Abshire, Margerison, Nitcheva, & Smith, 2018;
Lawrence & MollBorn, 2017; Ryabov, 2020). In light of this, it is important to research factors
that enrich environments with the view to improving the lives of all children, but particularly for
those children of color who are disproportionately affected by complex, systemic discrimination
(Edwards, Esposito, & Lee, 2018; Fleischer et al., 2018; Lawrence & MollBorn, 2017; Ryabov,
2020; Fleischer et al., 2018; Paschall, Gershoff & Kuhfeld, 2018; Sullivan & Meschede,2018).
Animal Studies
Environmental enrichment (EE) has been shown to mediate and moderate the effects of
poverty on EF (Blair, 2016; Blair & Raver, 2016). EE was originally researched by Rosenzweig
and colleagues (1978) and was defined as a combination of complex stimuli. This definition was
used because EE research was virtually only done with non-human animal subjects where the
researcher would compare various rearing conditions and observe outcomes (i.e., animals were
given a standard living vs. impoverished vs. enriched condition where animals had the
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opportunity for structured social interaction, multisensory stimulation, and increased levels of
physical activity; Sale, 2016 pg. 5). Within animal samples, EE has been shown to reduce
anxiety-related behavior and increase context-appropriate behavior, prevent structural and
functional changes to the brain from environmental disparities or mothering behavior (Blair &
Raver, 2016; Cululi et al., 2015; Mora-Gallegos & Fornaguera, 2019; González-Prado, Arias,
Vallejo, & Conejo 2019). EE has also been shown to lead to preserved or improved cognition
within animal samples. For example, EE has been shown to protect against cognitive impairment
in Alzheimer’s Diseased rats (Costa et. al, 2006) and improve spatial memory and visuospatial
attention as measured by performance on the Morris water maze (Griñan-Ferre et. al, 2016).
Interestingly, Brenes el al. (2015) found that Social EE (measured by number of rats housed per
cage) differed from Physical EE (i.e., cages with cognitively-stimulating objects such as wooden
block platforms and stairs in contrast to cages with just a bed and food dispenser) in its effects on
brain plasticity, cognition and communication. Physical EE led to improved memory and
learning while Social EE enhanced pro-social behavior. This distinction becomes important as
we observe the effect of EE in human populations because EE activities may result in differential
outcomes based on to what extent the activity is physically compared to socially enriching.
Human Studies
Deprivation. Measuring the true impact of environmental deprivation on human
populations is difficult. Impossible to measure in a laboratory setting, a bulk of the research in
humans is based on naturalistic studies of populations that have suffered extreme deprivation
(e.g., Bucharest Early Intervention Project; Zeanah, Nelson, Fox, Smyke, Marshall, Parker &
Koga, 2003). The damaging long-term effects of adverse, resource impoverished, environmental
conditions are consistently observed. Researchers have observed these negative effects in
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children reared in institutional care, which is often characterized by severe psychosocial neglect
(Wade, Fox, Zeanah & Nelson, 2018). This is a significant concern given that estimates of the
prevalence rates of children worldwide that reside in institutions range from 3.18 million to 9.42
million (Desmond, Watt, Saha, Huang & Lu, 2020). Researchers who have followed the
development of children who were living in Romanian orphanages and subsequently rehomed
with Romanian or English foster families, or who remained living at the orphanage have shown
that chronic, severe, environmental deprivation is catastrophic for children’s development. This
neglect leads to long-term effects on neuropsychological functioning, which includes deficits in
attention, short-term visual memory, spatial planning, problem solving, spatial memory, visuospatial memory, and learning impairment (Wade, Fox, Zeanah & Nelson, 2018). Further, more
severe impairment in these domains seemed to occur with early deprivation with little
improvement occurring even when removed from deprived environment to foster care in early
childhood (Fox, Zeanah & Nelson, 2009). Those assigned to early foster care demonstrated more
rapid growth in visual spatial memory and new learning from middle child to adolescence,
suggesting some catch-up by age 16 years in domain-specific areas (Wade, Fox, Zeanah &
Nelson, 2018).
Poverty
Research on environmental deprivation, as described above, raises concerns about other
impoverished environments. One such environment or environmental condition is poverty. While
fairly recent in empirical research, various studies have demonstrated poverty has an impact on
brain development (Blair & Raver, 2016). Research has shown that poverty can reduce gray
matter volume in child and adolescent populations by as much as 9% (Hair et al. 2015). Evidence
on underlying mechanisms of this relationship is inconclusive and sparse. Ruberry et. al (2017)
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found that while income was related to executive control, it was not related to neural correlates
of child EF as measured by differences in event-related potential (ERP) correlates of executive
attention and inhibitory control. That is, income had an independent effect on EF (measured
using the inhibition and auditory attention subscales of the NEPSY developmental
neuropsychological assessment battery) and may impact processes related to EF (Ruberry et. al,
2017). One may postulate that poverty broadly impacts multiple variables that impact EF
development. Berthelsen and colleagues (2017) found in a longitudinal analysis that family risk
factors such as socioeconomic status (SES), maternal health, parenting anger and warmth
measured at 4-5 years showed significant indirect effects on EF (measured using the
Identification task, One-Back Memory task, Groton Maze task from the Cogstate Assessment
Battery) at age 14-15 years. They also found early EF development factors such as attention
regulation and self-regulatory capacities were directly associated with adolescent EF. Finally,
other factors related to poverty, such as access to affordable food options, have also been tied to
EF (Hughes, Power, O’Connor & Fisher, 2015).
Given the evidence presented on how environmental disparity can lead to adverse EF
development, it may be fruitful to research whether environmentally enriching factors promote
more favorable EF developmental trajectories (Gurbert & Hannan; 2019). Diamond and
colleagues (2007) found improvement in preschool children’s EF after participation in an ageappropriate intervention that focused on development through play. Further, parenting style
(Blair & Raver, 2016; Blair & Raver, 2015), extracurricular activities, such as reading,
sport/exercise and learning a musical instrument, are all examples of an enriched environment
that are implicated in the development of EFs. These environmentally enriching intervention
programs may moderate the effect of poverty on EF and offset the effects of poverty by
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providing cognitively stimulating environments that facilitate and enhance the development of
EF (Haft & Hoeft, 2017; Obradović 2010; Obradović, Yousafzai, Finch, & Rasheed, 2016).
Parenting. The adverse effects of poverty have been argued to reduce parents’ capacities
to provide quality caregiving, which can exacerbate the effects of stress on EF (Blair & Raver,
2016; Prado, Narahari, Holland, Lee, Murthy, & Brenhouse, 2015; Repetti, Taylor, & Seeman,
2002). Further, research on the relationship between stress and parenting consistently shows that
stress mediates the relationship between poverty (e.g., income, SES) and EF development
(Dilworth-Bart, 2012; Dilworth-Bart, Khurshid & Vandell, 2007). Though parenting serves a
mediating role in the relationship between stress and EF, it can also moderate it. In animal
models, a parent’s ability to provide high levels of sensitive and nurturing caregiving despite
struggle offsets the effect of stress, and is associated with improved WM and IC in rodent and
monkey subjects (Callaghan, Sullivan, & Howell, 2014; Hostinar, Sullivan, & Howell, 2014;
Parker Buckmaster, & Sundlass, 2006; Tang, Akers, Reeb 2006).
Play. Efforts to link make believe play to cognitive development stretch back to
Vygotsky in the late 1960s. Vygotsky stated that true play consists of three components: creation
of an imaginary situation, roles that are acted out and rules that are adhered to (Bodrova,
Germeroth, and Leong, 2013). Research on the effect of play of normal cognitive development
trajectories suggest play as critical in the development of EFs, such as IC and self-regulation and
academic achievement (Brodrova, Germeroth & Leong 2013; Brodrova & Leong, 2018;
Diamond, Barnett, Thomas & Munro 2007). However, some research findings have been hotly
debated (Berk & Meyers 2013; Brodrova, Germeroth & Leong 2013; Lillard, Lerner, Hopkins,
Dore, Smith, & Palmquist 2013). Nevertheless, many researchers have studied the efficacy of
play-based intervention programs particularly for preschool- and kindergarten-aged children (3-6
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years; Brodrova & Leong, 2018; Doernberg, Russ, & Dimitropoulos, 2020). One such
intervention shows promise in the development of EF. Tools of the Mind is an instructional
program based on cultural-historic psychological principles designed to address developmental
and learning needs of early school-aged children. Based on Vygotskian and post-Vygotskian
theory, Tools of the Mind uses instructional pedagogy that promotes make-believe play as a
leading activity for early childhood development (Brodrova & Leong, 2018). Diamond, Lee,
Senften, Lam and Abbott (2019) conducted a Randomized Control Trial (RCT) to measure the
potential impact Tools of the Mind (Tools) has on EF and academic achievement. They found
that Tools significantly improved reading, writing, self-control and attention regulation
(measured by time on task in classroom without supervision). Further, the program reduced
feelings of ostracization by students and was also found to be enjoyable. Results from this trial
evidence the possibility of thoughtful systematic interventions that can be administered to
enhance rate of EF development, while maintaining positive program regard and motivation to
participate.
Physical Activity and EF. One area of research that has increasingly been given more
attention is the effects of physical activity on EF development. Many recent findings indicate
that short- and long-term physical activity improves both general cognitive functioning and EFs
(Barenberg, Berse, & Dutke, 2011).
Physical activity refers to any “muscular movement” that requires substantial energy and
effort (Barenberg, Berse, & Dutke, 2011). Two broad categories emerge to further define this
construct: leisure activities and exercise. Leisure activities are activities chosen for pleasure,
relaxation, or other emotional satisfaction, such as casual evening bike rides or afternoon walks
in the park. In contrast, exercise is physical activity that is done to intentionally improve physical
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fitness – a measure of one’s general physical health, which is assessed by various physiological,
health-related and skill-related parameters such as blood sugar levels, heart rate, oxygen supply
and coordination of motor responses (Corbin, Pangrazi & Franks, 2000). Last, sport is a specific
type of physical activity that involves physical exertion and skill by an individual or team who
competes against another or others for entertainment. Thus, exercise and physical activity are
inseparable components of sport and thereby lead to improved physical fitness.
Physical activity (PA) has been shown to cause physiological changes that may underlie
the observed benefits of exercise on cognitive function. PA has been shown to increase cerebral
blood flow in both animal and human samples and more specifically in the prefrontal cortex of
humans, likely facilitating the oxygenation of brain regions that are believed to mediate EF
(Barenberg, Berse, & Dutke, 2011). PA has also been shown to increase the release of
neurotrophins, a family of proteins involved in promoting neuronal growth and survival
(Floresco & Magyar, 2006; Robbins & Arnsten, 2009). Interestingly, the greatest effect tends to
be observed in the hippocampus – the structure of the brain closely linked to memory (though
this has only been observed in animal populations). Last, researchers have found the metabolism
of the neurotransmitters dopamine and norepinephrine in the prefrontal cortex plays a crucial
role in executive control. Plizka (2005) found that modifying the levels of these
neurotransmitters improved EF in patients with ADHD. In an attempt to delineate mechanism,
Oberer, Gashaj, and Roeber (2018) tested whether EF, visual motor coordination, or physical
fitness is the strongest predictor of academic achievement in early elementary school-aged
children. They proposed that when assessed separately, each construct would be a significant
predictor of academic achievement, but when all are incorporated into the model, EF would
prove to be the strongest predictor. They further proposed that EF would mediate the effect of
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physical fitness on academic achievement. That is, physical fitness would impact EF, which in
turn would predict academic achievement. Using structural equation modeling they found EFs
explained significant amounts of later academic achievement, over and above the influence of
visual-motor coordination and physical activity across both time points supporting their
hypotheses. These findings are important because they illuminate a potential benefit of PA.
While all PA presents high demands for physical fitness, sport (particularly sports that involve
hand-eye or foot-eye coordination) have particularly high demands on visual-motor coordination
(Oberer, Gashaj, & Roeber, 2018). Moreover, sport, along with active play, serve as the primary
sources of exercise. This makes both active play and sport good candidates for EF-focused
intervention programs for children.
Music and the Brain
Music, specifically music training, is another highly motivating actively in which
children routinely engage. The study of the neurological and neuropsychological benefits of
music came in vogue with the exploration of “Mozart Effect” in the early 90s. Rauscher and
colleagues (1993) found that after listening to Mozart's sonata for two pianos (K448) for 10
minutes, normal subjects showed significantly better spatial reasoning skills than after periods of
listening to relaxation instructions. The finding proved controversial and were further
complicated by the popularity of the finding in non-academic settings (Jenkins, 2001). This
prompted a plethora of research on the effects of listening to music on neuropsychological
functioning. While this research will be briefly touched upon, its exploration surpasses the scope
of this paper. In short, research on the “Mozart Effect” has largely shown that although listening
to music has been shown to temporarily increase visual-spatial reasoning, these finding are
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inconsistent and small at best. Further, when significant findings are found, the effects only last
for minutes (Jenkins, 2001).
Although the Mozart Effect turned out to be more myth than fact, researchers became
curious about differences between musicians and non-musicians. Researchers found music
training lead to neuroplastic changes in brain physiology, and improved cognitive abilities
(Husain, Thompson & Schellenberg, 2002; Rauscher, Shaw, & Ky, 1993; Thompson,
Schellenberg & Husain, 2001).

Music and Neural Development
Recent research in the areas of music therapy and music cognition have found that music
has a significant impact on the brain. They have found music to activate nearly every region of
the brain including, but not limited to the occipital lobes (responsible for visual perception),
cerebellum (responsible for the coordination and movement related to motor skills, especially
involving the hands and feet), anterior cingulate cortex (implicated to be involved with empathy,
impulse control, emotion, and decision-making), corpus callosum (hemispheric communication),
cerebellar vermis (involved in cardiovascular regulation during movement and posture changes;
Levitin, 2006) (see Fig. 1). For example, the corpus callosum is a thick white matter tract that
connects the left and right hemispheres of the brain, and functions to integrate sensory, motor
and cognitive information across the two hemispheres. When looking at the corpus callosum, we
find thicker masses of fibers in the frontal region in musicians versus non-musicians, evidencing
the role of music training in changes in the brain (Lee, Chen & Schlaug, 2003). Similar evidence
of the effects of music training at the cortical and subcortical level are briefly explored in this
section.
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Figure 1. Brain regions impacted by music instruction (2021; Limited, 2022)

Music at the subcortical level
At the subcortical level, there has been clear and mounting evidence that music training
affects the cochlea. This spiral-shaped bone in the inner ear that contains the hair cells that are
involved in transduction of sound waves to electrical impulses, which enable the brain to
perceive sound (Casale et al., 2022). Studies suggest that music affects primitive stages of
auditory processing, which means that musicians have an easier time suppressing noise and
focusing on a specific sound in adverse listening conditions (Parbery-Clark et al., 2009a;
Bidelman and Krishnan, 2010).
Within the brainstem, Frequency-Following Response (FFR) has allowed researchers to
observe plasticity at the subcortical level of the auditory system. Researchers describe the FFR as
“a sustained ‘neuro- microphonic’ potential that reflects dynamic, phase-locked activity to
periodic features of complex acoustic stimuli,” such as speech and music (i.e., small electrical
response patterns used to detect minute auditory stimuli by areas of the brain such as the brain
stem). FFR studies most recently have been discovering that extensive auditory experiences
introduce functional reorganization in the human midbrain. While these effects were first studied
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in the context on tonal language (i.e., languages where semantic meaning is changed by the tone
of the speaker’s voice, such as Mandarin, Cantonese, Igbo, Punjabi, Zulu or Navajo), more
research has been done comparing those who receive extensive auditory experience from musical
training in contrast to those who receive tonal language exposure. It has been found that
musicians, in comparison to their non-musical counterparts, have magnified and more precise
brainstem responses to musical pitch (Moreno & Bidelman, 2014).

Music at the Cortical Level
At a cortical level, morphological changes have been reported in the precentral gyrus,
corpus callosum, the anterior-medial part of the Heschl gyrus, and the cerebellum. These changes
can be short-term in auditory domain and longer-term in other domains such as a visual domain.
Further, the observed changes have also been correlated with improved language and reading
skills, as well as improvements in EFs such as working memory, intelligence, and attention.
Specific topographic structures exist in the rostromedial prefrontal cortex that process harmonic
and tonal space (i.e., tonal intervals and chords; Janata, Birk, Van Horn, Leman, Tillmann, &
Bharucha, 2002). Musicians also have stronger representation of fine motor finger movement in
the primary somatosensory cortex than non-musicians (Elbert, Pantev, Wienbruch, Rockstroh, &
Taub, 1995).
Cognitive Benefits of Music Training
Most of the research to date on cognitive changes through music has focused on the
effects of listening to music rather than music training (McFerran, 2016; Thomson, Reece &
Benedetto, 2014). That is, the overall process of choosing preferred music to listen to, including
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emotions and feelings that lead to the musical choice, changes in mood and emotion intended by
musical choice, and resultant mood and cognition once the song has concluded. This is in
contrast to music training, which involves the active process of learning a musical instrument
through formal training (i.e., learning to read and write musical notation; how to play an
instrument, including voice; and building aural comprehension and dictation skills). The few
studies that have been conducted on music training show some promise in its ability to promote
executive functioning.
Yeşil, and Ünal (2017) explored the effects of music training on attention and working
memory in an adult music conservatory population. They aimed to see if there were differences
in working memory between first and last year music trainees at a music institute and found a
non-significant trend for improvement in attention and working memory. It is possible that
significance was suppressed because of the uniformity of the two comparison groups and a larger
effect would be found in comparing adult musicians to those with very little to no music
experience.
Roden and Colleagues (2014) found that children in music training programs made gains
in visual attention, although those gains were not greater than that of comparison children who
received extended natural science instruction. Even though research on this population is limited,
the current body of work suggests improvement in attention following music training for schoolaged children with and without mental health diagnoses and college-aged adults (Benz et al.,
2016; Gruzelier et al., 2014; Kim, Wigram & Gold, 2008; Maloy & Peterson, 2014; Martins et
al., 2015; Miendlarzewska & Trost, 2013; Rickson, 2006).
Moreno and Bidelman (2014) examined music’s effect on the brain through the lens of
neuroplasticity. Based on an extensive review of the literature, they developed an “orthogonal”
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model that characterizes the extent to which the trained activity (musical training) influences
seemingly unrelated abilities along a transfer continuum. “Near transfer” represents benefits to
untrained activities directly related to music (e.g., violinists showing enhanced perception of
piano tones), while “far transfer” represents benefits to activities unrelated to the domain of
music (e.g., speech and language processing). The “near transfer” auditory and motor benefits of
music training have been thoroughly investigated, however, less studied are the “far transfer”
benefits. Based on this model, the authors present two plausible theories of how music training
may benefit EF. First, it may be that music training affects EF through neuroplastic
enhancement; that is, music training strengthens neurons, which in turn benefits EF. Under this
supposition, the effects of music act as an umbrella effect where the far transfer benefits are
merely spillover effects from enhanced auditory functioning. Second, it is possible that sustained
purposeful music training only has near transfer benefits, which are mediated by an individual’s
general cognitive capacity (EF). The latter highlighting the majority of research showing
correlation rather than causation. They note that of the few longitudinal or intervention studies
that have been conducted, most have small sample sizes, preexisting differences between groups,
high attrition, or large variability in the sample. The researchers lastly caution of the neural
tradeoffs that could occur from intensive music training because of lack of exposure to other
activities, which could actually lessen enhancement of other traits such as athleticism or social
skills. This however feels like misguided caution for several reasons. First, to date, few studies
have observed how music training affects child development in comparison to an active control,
such as sport. Habibi, Damasio, Ilari, Sachs, & Damasio (2018) conducted a longitudinal study
that suggests music training plays a significant role in childhood development at both behavioral
and neural levels after 2 years of training, however no significant differences were observed
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between music training and sports group. Further, after 4 years of group-based music training,
although they found evidence of modest positive effects on inhibition skills, they still found no
group differences between group-based music training and the active sport control on free play
(Hennessy, Sachs, Ilari, & Habibi, 2019). Thus, more research is needed to understand to what
degree the effects of music training are similar or different from other activities such as athletic
training.
Additionally, recent studies continue to show inconclusive effects of music training on
cognitive skills over time from preschool to childhood (Bowmer, Mason, Knight, & Welch,
2018) to adolescence, in whom intervention has been associated with some improvement in WM
(Saarikivi, Huotilainen, Tervaniemi, & Putkinen, 2019). One possible explanation for these
inconsistencies in findings is a lack of operationalization on music training throughout most
studies.
Last, little-to-no research has been conducted on the behavioral benefits of sustained
music training. Even if there is reliable evidence of cognitive growth, we know little about
whether that growth is linked to behavioral change. To comprehensively measure the far transfer
impact of music training, one would need to see a change in children’s observable behaviors
(i.e., teacher reports of student’s performance, academic achievement, etc.).
Music Training: Pedagogy Overview
Research on music training has generally been vague in describing the pedagogical
techniques used during the study. As such, replication of individual studies has been difficult
with each attempt yielding mixed results (Moreno & Bidelman, 2014). Similar criticism has been
given with adjacent EE studies involving play interventions (Brodrova, Germeroth & Leong
2013; Lillard et al., 2013). A full discussion of even only western music pedagogical techniques
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surpasses the scope of this paper. However, the understanding of the theoretical proposition that
music training improves the rate of EF development necessitates a brief explanation of musical
pedagogical techniques.
Contemporary music training is historically heavily influenced by western European
culture with minor additional influence from the United States and Japan. Formal music
education usually involves some combination of learning general music skills, such as
understanding rhythm, pitch discrimination, aural skills, active listening skills, reading and
writing music. These skills are generally taught from a very young age. As children get older,
they tend to move towards learning to play an instrument or vocal instruction in combination
with these general music skills. Though there is much overlap in the goals of music education
and the techniques used to teach them, there are also critical differences that have implications in
study replication when measuring the effect of music training. Below are examples of the
predominant theories that music instructors integrate into their curriculum.
Method of Dalcroze.
“To be a complete musician, one requires a good ear, imagination, intelligence, and
temperament – that is, the faculty of experiencing and communicating artistic emotion”
(Dalcroze, 1921).
Described as “movement with a mission,” Method of Dalcroze is a form of training that
emphasizes the use of rhythmic movement (eurhythmics), ear training and improvisation. The
method is named after its founder, Emile Jaques-Dalcroze, who was a Swiss musician and
professor of solfege (where every music note is represented by a unique syllable), harmony, and
composition at the Geneva Conservatory. His theory of pedagogy was built on the observation
that despite his students’ advanced technical abilities on their instrument, notable gaps could be
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found in their musical abilities, such as inability to read simple rhythm and frequent flaws in
pitch and intonation (Juntunen & Westerlund, 2011).
Successful Eurhythmics requires a collection of complex kinesthetic reactions (Juntunen
& Hyvönen, 2004). Children are encouraged to use their imagination and their ears to build
movement that will include endless possibilities in space and place, as well as locomotor and
nonlocomotory movement that are direct and immediate responses to music played on piano,
percussive instruments, and on rare occasions, recordings. As children become proficient in
tempo, rhythm and meter of music with their bodies, they too advance in their ability to respond
to changes in music such as in meter, rhythm patterns, dynamics, or phrase length (Campbell &
Scott-Kassner, 2019, p. 44-47).
Students also undergo extensive ear training including solfege and solfege-rhythmique.
Many people are familiar with solfege through the popular music tune titled “Do-Re-Mi”.
Solfege is a system used to verbalize the relations between pitches, which allows students to
understand patterns found in scales, songs and musical passages. There are two predominating
theories of Solfege – Fixed “Do” and Relative “Do” (Bentley, 1959). Fixed “Do” is the system
preferred by most Dalcroze teachers and is a process which places the note C as the starting note
regardless of the music passages home key. Use of the Fixed Do system has been implicated as
one of the many factors that lead to the development of absolute pitch – the ability to identify the
note name of a pitch at first listen (Miyazaki & Ogawa, 2006).
Last, improvisation is emphasized within this pedagogical model. Children are
encouraged express through movement, rhythmic speech with instruments and keyboards.
Students are first asked to precisely imitate teachers’ and partners’ movements to acquire a
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repertory of movement and musical idea that allow them to self-express freely (Campbell &
Scott-Kassner, 2019, p. 44-47).
Method of Orff
German Composer Carl Orff created a method he called Schulwerk (“School Work”).
This method places the importance of learning through the natural behaviors of children –
singing, speaking, dancing, playing – as well as on creativity and improvisation (Pretty-Norbury
& Pontarini, 2018). In the United States, Orff’s philosophy more or less breaks down into four
stages: imitation, exploration, literacy, and improvisation. Further Orff’s method advocates for
extensive musical experience before literacy. In his view this allows for mastery of truly musical
vs. mechanical proficiency. It also preserves the child’s right to unobtrusively create. The
instruments used in early pedagogy allow for students to experience success in creating and
improvising in a scaffolded way (Campbell & Scott-Kassner, 2019, p. 55).
Method of Kodaly
Zoltan Kodaly was a Hungarian composer and ethnomusicologist who believed that
music was a right for all children (Pretty-Norbury & Pontarini, 2018). He believed that all
children can and should develop performance, listening and music literacy skills. The Kodaly
method as modified for American education focuses on building musicianship for all students
from kindergarten to secondary school. Musical experiences are sequenced so that they progress
from rhythm training through singing to instrumental lessons (Boucher, 2019). As such, there is
an increased focus of learning regional folk music through sight-reading with hand signs,
rhythmic syllables and unaccompanied singing (Neumann, 2006). Because there is an increased
focus on reading and writing music within the system, early training provides extensive amounts
of ear training that emphasizes rhythmic and melodic patterns that are present in songs being
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learned. It is deemed important by the theory that children develop their inner ear – the capacity
to think about musical sounds without hearing or voicing them.
Last, in contrast to method of Dalcroze, Kodaly emphasized the use of relative or
movable Do – a system that places do on the first note of the scale on which the passage is based
(i.e., the key). The idea being that moving the do to match the key will allow students to
understand the interconnectedness of musical patterns (Campbell & Scott-Kassner, 2019; p. 4950).
Suzuki Method
Sinichi Suzuki, the founder of the Suzuki Method, was a self-taught violinist who
through self-discovery conceptualized a method of learning music that is modeled after how
students acquire their native language. Suzuki identified 8 components to music and language
acquisition: parent involvement, early involvement, listening, repetition, encouragement,
learning collaboratively, selecting appropriate repertoire, and delayed reading (Thibeault, 2018).
Instrumental Music Training
Holtz and Jacobi (1966) in their landmark book, Teaching Band Instruments to
Beginners, wrote: “the goal of music instruction in the public school is to provide every child an
opportunity to learn to love and understand music” (p. 22). They further state that “music can
contribute to the physical, intellectual, social and spiritual growth of the child. Through varied
experiences such as singing, rhythmic movement, creative activities, listening and playing on
instrument, each child can discover and develop his own ability and interest in music. The
pleasure of making music not only affords a means of self-expression, but also helps a child
adjust more effectively to the society in which he lives. Our basic philosophy is that such
opportunity should be provided for every child in [the American] school system” (p.16). As such
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Holtz and Jacobi outlined 5 Principles for instrumental music and instrumental music instruction.
They state music instruction should be experience-driven, should proceed from known to
unknown, and learning depends upon the desire to learn, and thus, teaching is the art of making
students want to learn (p.47-50).
These principles guide how music instructors navigate performance goals, weekly lesson
goals and daily practice goals. In general, young music students learning a music instrument
learn new music in layers and in chunks. At the onset of a practice session, musicians usually
engage in some tone building exercise. For example, brass and woodwind musicians generally
start every practice with long tone exercises that allow them to isolate their sound and practice
creating a warm and beautiful tone. Next, they move on to scales. Scales are the basic building
blocks of music as they are patterns that are typically used to build melody and harmony.
Musicians work on scales in patterns varying in complexity. After scales, musicians work on
etudes which simply add another level of complexity. This layering is done purposefully to help
facilitate ease of learning music repertoire. Musical pieces are even learned in a similar process.
First musicians isolate the rhythms, followed by mastery of note names, then instrument specific
technique (i.e., using correct fingering to accurately play the desired note). After this, they can
try to play the piece at a slow tempo to begin – methodically working their way to the
performance tempo. Only after these steps are mastered can a musician work on the expressive
aspects of the piece, such as dynamics (volume) and rubato (i.e., a musical technique that
involves the purposeful fluctuation of the tempo of a note, phrase or passage to create musical
expression and elicit feeling, etc.). In music ensembles, this is done as a group and it is expected
to be done by each individual to ensure ensemble success. During this process, musicians learn
to fluidly read music, play with others, actively listen, and deliberate practice skills. In addition,
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as a musician advances, they are asked to develop their composition skills, sight reading ability
(i.e., reading music they have never seen before), and improvisation skills (i.e., the ability to
compose melody in the moment).
Summary
There are many pedagogical orientations and schools of thought in the teaching of music.
While some are described here, many more exist within and outside of western music training.
Though there are instructors who solely follow one pure orientation, more often than not, music
instructors and music programs combine pedagogical techniques in their daily music instruction
(Juntunen & Westerlund, 2011), providing a rich, differentiated instruction at the individual
student level. From a research design perspective, this poses difficultly in isolating the specific
aspect of music training that drives change. In saying this, however, across the various training
methods described above, each technique, despite their pedagogical differences, is informed by
knowledge of developmental trajectories, which are utilized to enhance music learning and make
it accessible to the child.
The task of learning a musical instrument is a complex process that may seem daunting at
times. However, that has not inhibited generations of students from wanting to engage in the
journey. Many instructors and educators have observed the joy children have when they first
hold an instrument and the initial motivation a child has when first learning. If music sparks this
much intrinsic motivation in children, it could become a useful tool in aiding development. It is
possible that music has a bidirectional effect where normal developmental trajectories allow for
music acquisition, while engaging in music training further enhances the development of EF, and
behavior and emotion regulation.
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Proposed Theoretical Model
Though the ability to test a sufficient model that explains the effects of music training on
mental functioning is too broad for the scope of any one particular study, including the current,
an overview of the model may serve as a theoretical framework to aid in conceptualizing the
present study (see Fig. 2).
Figure 2. Music Training Theoretical Model

Brain
Physiology

Cognition

Behavior

Music
Training

This model proposes that music training - that is, the act of learning to play an instrument
(including vocal instruction), read and write musical notation, and perform by oneself and with
others - leads to neuroplastic changes in the brain, and in turn increased EF. Further, as a result
of improvements in children’s executive functioning, children’s general academic and behavioral
health outcomes will be improved with time and practice.
We propose that music training affects brain physiology, cognition, and behavior
independently, but that neural changes also have downstream effects on cognition, which in turn
affects behavior. Research has shown that music training can have effects on each domain
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without impacting the others. Music training has been shown to impact the performance on
cognitive tasks in older adults with little evidence to neuroplastic changes (Hallam & Creech,
2016; Biasutti et al., 2017). Further, neuroplastic changes have only been shown in children after
2 years of music training while cognitive changes have been found after one year of music
training (Bugos & DeMarie, 2017). Research has also shown neuroplastic changes without
cognitive changes indicating music training’s direct impact on brain physiology (Habibi et al.,
2018). Consequently, the direct effects of music training on brain physiology initiates a
cascading effect such that that the sustained music training over time leads to longer lasting longterm effects on cognition and in turn, behavior (Moreno & Bidelman, 2014). The current study
has taken the first steps in testing components of this model by focusing on the effect of music
training on children’s EF (cognition), emotion regulation and behavioral outcomes.
The aim of the current study was to assess the effects of sustained music on children’s
EF, behavior (inattention and hyperactivity/impulsivity) and emotion regulation. Understanding
the long-term far transfer effects of music education may help to guide local education policy.
We hypothesized that (i) children’s EF would develop with exposure to the program; (ii) the
intensity of practice would be associated with rate of growth of children’s EF, emotion
regulation and behavior; (iii) greater change in executive functioning would be associated with
change in behavior and emotion regulation, such that individuals with greater change in
executive functioning would show improved emotion regulation and behavioral functioning; and
(iv) executive functioning growth would moderate the impact of music training on behavior and
emotion regulation.
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Chapter III: Methods
Research Design and Study Context
The study utilized a naturalistic, observational design to follow the students enrolled in a
non-profit organization that offered low-cost music lesson in northern Manhattan over a 6-month
period. At the baseline assessment, students aged 4-17 years received weekly, in-person private
lessons of string instruments, took part in three levels of musicianship and participated in
ensemble rehearsals through which they learned new repertoire, created their own arrangements,
and learned to work cooperatively. Between the baseline assessment in the fall of 2019 and the
6-month follow-up in the spring of 2020, a global pandemic emerged, and at that time, NYC was
its epicenter. The public response to the crisis was to shut down schools and workplaces so
almost all activities took place out of the home. Consequently, children’s in-person music
lessons halted and then recommenced virtually. At baseline and then at follow-up, 6 months
later, music teachers completed assessments of children’s cognitive, behavioral and emotional
functioning and children aged 8 years and older self-reported their behavioral functioning. The
design of the project enabled us to track change in children’s cognitive, emotional and behavioral
functions from pre- to post-assessment. Students’ attendance at lessons was also measured to
evaluate its association with magnitude of change.
Participants
Music students (N=29) were recruited from a non-profit organization that offered lowcost music lessons in northern Manhattan. The sample was composed of students 4 – 17 years of
age with an average age of 10 years (M=10.07, SD = 3.26). Our sample was majority female
(66%) and Latinx (84.4%). Socioeconomic status information is not available for participants,
however, for the student body of the organization generally, half of students receive English as a
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Second Language (ESL) support and 60% of students receive subsidized free lunch. Students pay
sliding fees based on family income, allowing the program to be inclusive. No student is
excluded from participating in the organization, which is guided by the philosophy that music
education, and specifically instrumental music education, is a beneficial activity to which every
child should have access.

Measures
Executive Functioning
Children’s executive functioning was estimated using teacher reports on the Behavior
Rating Inventory of Executive Functioning (BRIEF). The preschool version (BRIEF-P; Gioia,
Espy, & Isquith, 2003) was used for children aged 2-5 years and Second Edition (BRIEF-2;
Gioia, Isquith, Guy, & Kenworthy, 2015) for 6–17-year-olds. The BRIEF-P Teacher form
comprises 63 items, which fall across five scales – Inhibit, Shift, Emotional Control, Working
Memory, and Plan and Organize. The 5 scales form 3 overlapping summary indexes each with
two scales. The Inhibitory Self-Control Index (ISCI) is composed of the Inhibit and Emotional
Control scales, the Flexibility Index (FI) is composed of the Shift and Emotional Control scales,
and the Emergent Metacognition Index (EMI) is composed of the Working Memory and
Plan/Organize scales. Likewise, the BRIEF- 2 comprises 63 items that fall across 9 scales –
Inhibit, Self-Monitor, Shift, Emotional Control, Initiate, Working Memory, Task Monitor,
Plan/Organize and Organization of Materials. The 9 scales form 3 summary indexes - Behavior
Regulation (Inhibit and Self-Monitor scales), Emotion Regulation (Shift and Emotional Control
scales), and Cognitive Regulation (Initiate, Working Memory, Plan/Organize, Task-Monitor, and
Organization of Materials scales). In this study, the Emergent Metacognition Index from the
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BRIEF-P and the Cognitive Regulation Index of the BRIEF-2 were used to assess Executive
Functioning to minimize overlap with emotion regulation and behavior measures.
For both the preschool and child version of the scale, music teachers rated how often the
behaviors have been present over the past six months using a 3-point scale: Never, Sometimes
and Often. The BRIEF-2 has been shown to have high internal consistency for all index scores in
both the standardization and clinical samples with index and composite reliability coefficients
ranging from .84 - .97 with sufficient validity (Gioia et al., 2015). Similarly, The BRIEF-P has
also been shown to have high internal consistency and test reliability ranging from .64 - .97 with
sufficient validity (Gioia, Espy, & Isquith, 2003)
Emotion Regulation
Emotion Regulation was estimated using music teachers’ responses on the Behavior
Assessment System for Children, Third Edition (BASC-3). Different versions of the measures
were used with children of different ages. For children aged 2-5 years, the Preschool rating form
was used; for children aged 6-11 years, the Child rating form was used; and for children 12 years
or older, the Adolescent rating form was used. The Emotional Self-Control subscale, which
assesses children’s ability to regulate their affect and emotions in response to environmental
changes was used in this study as the measure of emotion regulation. This scale is made up of 14
preschool items, 12 child items, and 10 adolescent items. Music teachers rated the severity of
behaviors on a 4-point scale, “Never” to “Almost Always,” with higher scores reflecting poorer
emotional regulation. The teacher-rated Emotional Self Control scale shows high inter-rater
reliability across all three forms (r= .87-.88) and is correlated with the teacher-rated Delis Rating
of Executive Functions Emotional Functioning Index (r=.77-.81) (Reynolds & Kamphaus,
2015).
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Behavior
Behavioral outcomes were measured using the teacher and student (if aged 8 years or
older) reports on the teacher- and self-report versions of the Conners, Third Edition – Short Form
rating scale (Conners 3 SF; Conners, 2008). The Conners 3 is an assessment tool used to obtain
observations about a child's behavior. This 39-item questionnaire was normed on children aged
6-18 years and is generally used in the diagnoses of ADHD and associated impairment.
Coefficient alpha reliabilities for the teacher and self-report forms are high (mean alphas for the
Content scales were .94 and .88 respectively) with sufficiently validity (Grace, Kao, & Thomas,
2010). Teachers and children rate how often the behaviors have been present in the past month
on a 4-point scale, 0=Never True At All to 3=Very Much True. Higher scores indicate greater
behavioral disturbance.
Time Spent Practicing
Time spent practicing was measured by attendance records kept by the organization.
Procedure
Parents were given an in-person presentation at the beginning of the Orchestral Season
detailing the study. Parents were informed that their child’s participation was voluntary and
would not impact their child’s participation within the organization. Parents who were interested
in their children participating in the study gave written informed consent. Additionally, children
were asked to verbally provide assent before participating. At baseline (November 2019),
researchers interviewed each child participant during orchestra rehearsal for the duration of the
first data collection period. At follow-up at the end of Spring 2020 (June 2020), music completed
their questionnaires online using survey software (Qualtrics) and children were asked
questionnaire items verbally over the telephone by the P.I (M. Tate) because of the COVID-19
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outbreak. This study was reviewed and approved by the Institutional Review Board (IRB) at The
City College of New York.
Data Analysis
Analyses were carried out using SPSS v. 26. Prior to conducting analyses, all continuous
measures were investigated for normality. Several measures showed evidence of non-normality
(z-score of skew and/or kurtosis exceeded an absolute value 1.96): attendance rate, executive
functioning, externalizing behavior and emotion regulation. Descriptive statistics were obtained
for demographic variables, attendance, executive functioning, externalizing behavior, and
emotion regulation. Medians and interquartile ranges are reported for non-normal variables.
To determine whether there was significant growth in key outcome variables between
baseline and follow-up, a Wilcoxon signed-rank test was conducted. Next, Spearman’s rank
correlational analysis was conducted to assess the relation between Attendance and change in
EF, emotion regulation and behavior from Time 1 to Time 2.
Finally, a series of separate moderation models were completed using the Hayes’ (2018)
PROCESS macro for SPSS to test whether the relation between attendance and teacher- and
child-rated outcome variables was moderated by change in executive functioning after
controlling for baseline measures of each key outcome variable. Hayes’ (2018) PROCESS is a
statistical tool to conduct different types of regression analyses using non-parametric bootstrapping procedures which repeatedly draws random samples from the data set and calculates
unstandardized path coefficients for each sample. We selected 10,000 bootstrap resamples per
analysis and utilized an HC3 estimator to account for non-normal distribution of residuals. To
avoid potentially problematic high multicollinearity with the interaction term, the variables were
centered and an interaction term between attendance and change in executive functioning was
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created (Aiken & West, 1991). The moderation models provide details on the presence and
nature of an interaction between predictor and moderator on the outcome variable. We utilized
the pick-a-point method to plot sample data at the mean and at +/- 1SD. If the simple slope
differed significantly from zero, it indicated that the relationship between the predictor and
outcome measure varies in strength at different values of the moderator.
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Chapter IV: Results
Descriptive Statistics
Median scores for key outcome variables are presented in Table 1. Overall, participants
were emotionally well regulated, attentive, and had low levels of hyperactivity and aggression as
rated by teachers. The child and adolescent participants rated themselves similarly. That said, A
Mann-Whitney U test was conducted to determine whether there was a difference between childand teacher-reported ratings of child behavior. At both baseline (T1) and follow-up (T2),
children rated themselves as more inattentive (Mann Whitney U, T1 z = -3.03, p<.01; T2 z=3.67, p<.001), hyperactive (Mann Whitney U, T1 z= -3.87, p<.001; T2 z= -4.90, p<.001), and
aggressive (Mann Whitney U, T1 z = -3.97, p<.001; T2 z=-3.80, p<.001) than did their teachers.
Additionally, there was more variation in children’s self-reported scores than in teachers’ ratings
of children’s behaviors (see Table IQR). This is particularly notable in ratings of aggression.

Table 1.
Median values of the key variables.
T1 ER
T2 ER
T1 IN
T2 IN
T1 HY
45.34
43.77
41.29
42.90
42.82
Median (IQR)
(40.68 - 61.17) (41.51 - 62.20) (41.29 - 49.34) (41.29 - 46.93) (40.2 - 50.67)
Range
37.19 - 62.80 39.25 - 62.99 41.29 - 49.34 41.29 - 46.93 40.21 - 82.07

T2 HY
T1 AG
T2 AG
40.21
43.91
43.91
(40.21 - 42.82) (43.91 - 43.91) (43.91 - 43.91)
40.21 - 61.14
43.91 - 65.17 43.91 - 58.08

T1 EF
T2 EF
C1 IN
C2 IN
C1 HY
C2 HY
C1 AG
C2 AG
54.34
55.75
52.02
52.02
52.77
55.90
49.82
49.82
Median (IQR)
(46.90 - 55.42) (43.74 - 57.47) (46.66 - 56.05) (46.66 - 63.42) (52.77 - 65.32) (48.84 - 65.32) (49.82 - 61.62) (43.91 - 61.62)
Range
14.28 - 56.18 21.95 - 57.47 41.29 - 89.58 41.29 - 81.53 46.49 - 77.88 43.35 - 71.60 43.91 - 102.95 43.91 - 67.53

T1=teacher rater time 1; T2 = teacher rater time 2 C1 = child rater time 1; C2= child rater time 2
ER = Emotion Regulation; IN = Inattention; HY = Hyperactivity; AG= Aggression; EF = Executive Function.
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Growth in Children’s Behavior and Self-Regulation
Median values of the key outcome variables are presented in Fig 3. A Wilcoxon signedrank test was conducted to determine whether there was significant growth in executive
functioning, emotion regulation, and improvement in behavioral control (as measured by a
decline in inattention, hyperactivity, and aggression) between time one and follow-up. Analysis
showed that there was a statistically non-significant change in median scores for teacher-rated
executive functioning (z=.05, p = .96) and emotion regulation (z= -.14, p = .89). Similarly, there
was a non-significant change in inattention (teacher: z= .90, p = .37, child: z= .66, p = .51),
hyperactivity (teacher: z= -.95, p = .34, child: z=.06, p=.95), and aggression (teacher: z= .38,
p>.71, child: z=- 81, p = .42), irrespective of informant.

Figure 3.
Median (+/-1SD) child behavioral and self-regulation capacity at T1 and T2 as rated by teacher
and child self-report.

Median (+/- 1SD) Z Scores

T1

T2

C1

C2

1.4
1.2

1
0.8
0.6
0.4
0.2
0
EF

Emotion
Regulation

Inattention

Hyperactivity

Aggression

Outcome Variables

T1=teacher rater time 1; T2 = teacher rater time 2; C1 = child rater time 1; C2= child rater time 2; EF = executive
functioning
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The Relationship Between Attendance and Key Outcome Variables
The first aim of the study was to determine whether development of children’s EF,
emotion regulation, and behavior is affected by exposure to music training. Correlations between
attendance at music lessons between Fall 2019 and Spring 2020 and change in EF, emotion
regulation and behavior from Time 1 to Time 2, as reported by children’s music teachers (Table
2) and children’s self-report (Table 3) are described below.
Executive Functioning
A Spearman’s rank correlation showed a non-significant negative correlation between
Attendance and change in EF, rs(21) =-.12, p =.58.
Emotion Regulation
A Spearman’s rank correlation showed there was a non-significant positive correlation
between Attendance and change in Emotion Regulation, rs(21) =.03, p = .90.
Behavior
Spearman’s rank correlations were computed to assess the relations between attendance
and change in inattention, hyperactivity, and aggression. First, there were non-significant
correlations between attendance and change in teacher-rated inattention, rs(21) =.17, p = .44, and
attendance and change in child-rated inattention rs(17) =.05, p = .85. Second, there were also
non-significant correlations between attendance and change in teacher-rated hyperactivity, rs(21)
=-.30, p = .17 and between attendance and child-rated change in hyperactivity, rs(17) =-.24, p =
.33. Last, non-significant correlations were obtained between attendance and change in teacherrated aggression, rs(21) = -.24, p = .27 and between attendance and change in child-rated
aggression, rs(17) = -.21, p = .38
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Table 2 Correlation Matrix of Teacher Rated Variables
1. Attendance
2. Change in EF
3. Change in Emotion Regulation
4. Change in Teacher Reported Inattention
5. Change in Teacher Reported Hyperactivity
6. Change in Teacher Reported Aggression
a. Spearman correlations; **p<.01, *p<.05

1
1
-0.12
0.03
0.17
-0.3
-0.24

2

3

4

5

6

1
-0.27
-0.44*
-0.23
-0.09

1
0.32
0.21
-0.02

1
.58**
-0.18

1
0.27

1

5

6

1
.60**

1

Table 3 Correlation Matrix of Attendance, Change and EF, Emotion Regulation and Child Rated Variables
1
2
3
4
1. Attendance
1
2. Change in Teacher Reported EF
-0.12
1
3. Change in Teacher Reported Emotion Regulation
0.03
-0.27
1
4. Change in Child Reported Inattention
0.05
0.91
-0.46
1
5. Change in Child Reported Hyperactivity
-0.24
-0.17
-0.23
0.57*
6. Change in Child Reported Aggression
-0.21
0.43
-0.24
0.55*
a. Spearman correlations; **p<.01, *p<.05
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Moderation Analysis
Our final aim was to determine whether executive functioning growth moderated the
impact of music training on behavior and emotion regulation. Moderation analyses were carried
out to determine whether the relation between attendance and teacher- and child-rated outcome
variables was moderated by change in executive functioning. All models controlled for T1 levels
of emotion or behavioral regulation.
Emotion Regulation
A significant model for emotion regulation was obtained for teacher-rated emotion
regulation, F((HC3) 4, 18)) = 20.10, p < .0001, which accounted for 67% of the variance. After
controlling for T1 emotion regulation (B = .77, SE(HC3) = .13, t = 5.78, 95% CI = .49 – 1.05),
results indicated that neither the change in Executive Functioning, Attendance or their interaction
were significantly related to T2 Emotion Regulation, all p ≥ .16 (see Table 4). There was no
association between Attendance and Emotion Regulation at follow-up, t(18)=-1.31, p=.21, 95%
CI:-.08 - .67. There was no main effect of change in Executive Functioning on Emotion
Regulation, t(18)=-1.48, p=.16, 95% CI:-2.92 - .67. There was no significant interaction
observed; change in executive functioning did not moderate the interaction between attendance
and emotion regulation at follow-up, t(18)=-1.40, p=.18, 95% CI:-2.83 - 0.49.
Table 4.
Model for change in executive functioning moderating the relation between attendance and
emotion regulation.

Attendance
Executive Functioning (EF)
Attendance X EF
Baseline Emotion Regulation

β
-1.12
-1.17
-10.18
0.77

se(HC3)
0.85
0.79
7.27
0.13
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t
-1.31
-1.48
-1.4
5.78

p
CI
0.21 -0.08 - 0.35
0.16 -2.92 - 0.67
0.18 -2.83 - 0.49
<.001
.49 - 1.05

MUSIC & SELF-REGULATION
Hyperactivity
Non-significant models were obtained for teacher-rated hyperactivity F((HC3) 4, 17)) =
1.07, p = .40) (Table 5) and child-rated hyperactivity (F(HC3) (4, 10)) = 1.11, p =.40; Table 6).
Results indicated there was no significant association between Attendance and teacher-rated
hyperactivity (t(17)=-1.11 p =.28, 95% CI:-.17 - .18) or child-rated Hyperactivity (t(10)=-21 p
=.84, 95% CI:-2.81 - 2.33). There was no main effect of change in executive functioning on
teacher-rated Hyperactivity (t(17)=-.07, p = .95, 95% CI:-2.38 - 2.67) or child-rated
Hyperactivity (t(10)=-.20, p=.84, 95% CI:-3.47 - 2.89). Last, there was no significant interaction
observed; change in Executive Functioning did not moderate the interaction between attendance
and teacher-rated Hyperactivity (t(17)=-.81, p =.43, 95% CI:-23.13 - 10.33) or child-rated
Hyperactivity (t(10)=-.88, p=.40, 95% CI:-11.81 - 27.18) at follow-up.
Table 5.
Moderation analysis model for change in executive functioning moderating the relation between
attendance and teacher-reported hyperactivity.

Attendance
Executive Functioning (EF)
Attendance X EF
Baseline Hyperactivity

β
-0.82
-0.09
-6.4
0.62

se(HC3)
0.74
1.31
7.93
0.39

t
-1.11
-0.07
-0.81
1.59

p
CI
0.28
-.17 - .18
0.95
-2.38 - 2.67
0.43 -23.13 - 10.33
0.13
-.20 - 1.45

Table 6.

β
se(HC3)
t
p
CI
Attendance
-0.82
0.74
-1.11
0.28
-.17 - .18
Moderation analysis model for change in executive functioning moderating the relation between
Executive Functioning (EF)
-0.09
1.31
-0.07
0.95
-2.38 - 2.67
Attendance X EF
-6.4
7.93
-0.81
0.43 -23.13 - 10.33
attendance
and child-rated hyperactivity.
Baseline Hyperactivity
0.62
0.39
1.59
0.13
-.20 - 1.45

Attendance
Executive Functioning (EF)
Attendance X EF
Baseline Hyperactivity

β
-0.24
-0.29
7.69
0.72

se(HC3)
1.15
1.43
8.75
0.5
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t
-0.21
-0.2
0.88
1.44

p
CI
0.84
-2.81 - 2.33
0.84
-3.47 - 2.89
0.4 -11.81 - 27.18
0.18
-.40 - 1.85
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Aggression
Non-significant models were obtained for teacher-rated aggression F((HC3) 4, 17)) = .28,
p = .88) (Table 7) and child-rated Aggression ((F(HC3) (4, 10)) = .16, p =.95; Table 8). Results
indicated there was no significant association between Attendance and teacher-rated Aggression
(t(17)=-.75 p = .46, 95% CI:-.85 - .40) or child-rated Aggression (t(10)=-.23 p=.82, 95% CI:-.37
- .87) at follow-up. There was no main effect of change in Executive Functioning on teacherrated Aggression (t(17)=.62, p = .55, 95% CI:-.78 - 1.42) or child-rated Aggression (t(10)=-.12
p=.91 95% CI:-4.11 – 3.35). There was no significant interaction observed; change in Executive
Functioning did not moderate the interaction between Attendance and teacher-rated Aggression
(t(17)=-.06, p=.96, 95% CI:-6.11 - 5.79) or child-rated Aggression (t(10)=-.03, p = .98, 95% CI:16.62 - 14.92) at follow-up.

Table 7.
Moderation analysis model for change in executive functioning moderating the relation between
attendance and teacher-reported aggression.

Attendance
Executive Functioning (EF)
Attendance X EF
Baseline Aggression

β
-0.22
0.32
-0.16
0.17

se(HC3)
0.3
0.52
2.82
0.99
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t
-0.75
0.62
-0.06
0.17

p
0.46
0.55
0.96
0.86

CI
-.85 - .4
-.78 - 1.42
-6.11 - 5.79
-1.91 - 2.25
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Table 8.
Moderation analysis model for change in executive functioning moderating the relation between
attendance and child-reported aggression.

Attendance
Executive Functioning (EF)
Attendance X EF
Baseline Aggression

β
-0.38
-0.85
-1.03
-0.08

se(HC3)
1.67
7.08
38.68
0.28

t
-0.23
-0.12
-0.03
-0.3

p
CI
0.82
-.37 - .87
0.91
-4.11 - 3.35
0.98 -16.62 - 14.92
0.77
-.70 - .54

Inattention
A significant model for teacher-rated Inattention was obtained, F (HC3) (4, 17) = 14.17, p
< .0001, which accounted for 75% of the variance (Table 9). After controlling for T1 Inattention
(B = 1.21, SE(HC3) = .34, t = 3.56, 95% CI = .49 – 1.93), results indicated there was no
association between Attendance and Inattention at follow-up, t(17)=.01, p=1.00, 95% CI:-.92 .93. There was no main effect of change in Executive Functioning on Inattention, t(17)=-1.68, p
= .11, 95% CI:-2.84 - .32. However a significant interaction was observed (Fig. 4); change in
Executive Functioning moderated the interaction between Attendance and Inattention at followup, t(17)=-2.29, p=.04, 95% CI:-18.80 - -.77. For individuals with greater improvement in EF as
seen by values greater than or equal to 0.26, better Attendance was associated with less severe
Inattention at follow-up. In contrast, for individuals with lower rates of change in EF, as seen by
values -0.26 and lower, there was an opposite effect whereby greater Attendance was associated
with higher severity of inattentive behaviors at follow-up.
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Table 9.
Moderation analysis model for change in executive functioning moderating the relation between
attendance and teacher-reported aggression.

Attendance
Executive Functioning (EF)
Attendance X EF
Baseline Inattention

β
0
-1.26
-9.78
1.21

se(HC3)
0.44
0.75
4.27
0.34

t
0.01
-1.68
-2.29
3.56

p
1
0.11
0.04
<.01

CI
-.92 - .93
-2.84 - .32
-18.80 - -.77
.49 - 1.93

β
se(HC3)
t
p
CI
Attendance
-0.17
3.25
-0.05
0.96
-7.43
7.08
Figure 4.
Executive Functioning (EF)
-0.14
13.43
-0.01
0.99
-30.06 - 29.78
Attendance
X
EF
11.1
70.35
0.16
0.88
-145.70
- 167.90
Executive functioning moderates the relation between attendance and teacher-rated inattention.
Baseline Inattention
1.06
0.65
1.63
0.13
-.39 - 2.50

A non-significant model for child-rated Inattention was obtained (F(HC3) (4, 10)) = 1.78,
p =.21; Table 10). Results indicated there was no association between Attendance and child-rated
Inattention (t(10)=-.05, p=.96, 95% CI:-7.43 - 7.08) at follow-up and there was no main effect of
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change in Executive Functioning on child-rated inattention (t(10)=-.01, p = .99, 95% CI:-30.06 29.78). There were no significant interaction observed; change in Executive Functioning did not
moderate the interaction between Attendance and child rated Inattention (t(10)=.16, p=.88, 95%
CI:-145.70 - 167.90) at follow-up.

Table 10.
Moderation analysis model for change in executive functioning moderating the relation between
attendance and child-rated inattention.

Attendance
Executive Functioning (EF)
Attendance X EF
Baseline Inattention

β
-0.17
-0.14
11.1
1.06

se(HC3)
3.25
13.43
70.35
0.65
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t
-0.05
-0.01
0.16
1.63

p
CI
0.96
-7.43 - 7.08
0.99
-30.06 - 29.78
0.88 -145.70 - 167.90
0.13
-.39 - 2.50
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Chapter V: Discussion
EF development across childhood is substantially and critically intertwined with most
other domains of child development. As such, deficits in executive functions have wide reaching
consequences across the lifespan (Blair 2016; Burgess & Simmons, 2005; Diamond, 2013;
Willoughby, Holochwost, Blanton, & Blair 2014). By better understanding the factors that
impact EF development, it may inform the creation of new interventions and/or the improvement
of existing ones designed to bolster development of these essential skills.
Although we know that environmental factors are associated with both improving or
hindering EF growth (Barenberg, Berse, & Dutke, 2011; Blair, 2016; Blair & Raver, 2016;
Oberer, Gashaj, & Roeber, 2018), such research regarding music training (that is, learning how
to play an instrument or vocal instruction) is still in its infancy. Most music training papers can
be sorted into two domains - ones assessing how music training affects brain neuroplasticity and
the others measuring the impact of music training on cognitive functioning. The papers
examining brain neuroplasticity consistently show exposure to some form of music training is
associated with growth in various regions of the brain including the corpus collosum (Lee, Chen
& Schlaug, 2003), the brain stem (Moreno & Bidelman, 2014), and changes to the primary
somatosensory cortex (Elbert, Pantev, Wienbruch, Rockstroh, & Taub, 1995).
In contrast, research on the cognitive benefits of music training is more mixed. Aleman
and colleagues (2017) found no changes in working memory, processing speed, and visuospatial
reasoning and self-regulatory skills after one year of music training. In contrast, Fasano and
colleagues (2019) and Frischen, Schwarzer & Dege (2019) found positive effects of music
training on inhibitory control in less than one year among children in their early childhood. The
current study aimed first to examine whether music training – operationalized as learning a
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musical instrument - was associated with improvement in children’s EF. It was hypothesized that
the intensity of music practice would be associated with rate of growth of children’s EF. Second,
this study examined whether greater change in executive functioning would be associated with
change in behavior and emotion regulation, with the hypothesis that individuals with greater
change in executive functioning would show greater improvement in behavioral difficulties and
emotion regulation. Finally, this study examined whether growth in EF moderated the
association between music training and behavioral/emotional outcomes. We hypothesized that
executive functioning growth would serve as a moderator of the impact of music training on
behavior and emotion regulation.

Children’s abilities did not improve over time
First, we looked to see if there was significant growth between baseline and follow-up on
all key outcome variables. At baseline our participants generally had average levels of EF and
were emotionally well regulated, attentive, and had low levels of hyperactivity and aggression
according to both music teacher and self -report. Significant differences were found in how the
children of the study rated their behavior in comparison to the music teachers. Self-reports
showed children rated themselves significantly more inattentive, hyperactive and aggressive in
comparison to their music teachers, although self-report ratings still fell in the Average range.
Fasano and colleagues (2019) similarly found that the children in their study rated themselves
both more hyperactive and inattentive in comparison to their music teachers. Such rater
disagreement could possibly indicate the limited exposure to children the music teachers had
outside of music lessons, whereas children had awareness of their behavior in different contexts,
such as with peers, during classroom lessons and at home. Furthermore, during music lessons,
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children were completing a task that in which they were highly motivated to take part, and which
may have resulted in lower levels of problem behavior. Finally, it may also be the case that this
sample of children and adolescents were more self- critical of their behavior. Lastly, there was
essentially no change in EF, Emotion Regulation, Hyperactivity, Inattention, or Aggression
across time, which was unexpected given the literature on how these variables naturally develop
over time during childhood (Diamond, 2013; O’Toole, Monks, & Tsermentseli, 2018; Rajendran
et al., 2013). One possible explanation for our findings is that time between baseline and follow
up – only 6 months - was too short. Another possible explanation is our measurement was not
sensitive enough to capture change in such a short increment of time. Both the BASC 3
(Reynolds & Kamphaus, 2015) and the Conners 3 (Conners, 2014) use 4-point scales that
measure symptoms as Never, Sometimes, Often or Almost Always, and the BRIEF-P/BRIEF 2 (,
Espy, & Isquith, 2003; Gioia, Isquith, Guy, & Kenworthy, 2015) uses only a 3-point scale
(Never, Sometimes, Often), which may be too blunt to capture change within a 6-month period.
Despite this, we expected improvement as the participants develop.

Attendance was not related to improvement in behavior and self-regulation ability
Next, we tested whether children’s EF, emotion regulation, and behavior developed with
exposure to music training, with “exposure” as measured by weekly attendance. We
hypothesized that the intensity of practice would be associated with rate of growth and children’s
Executive Functioning, Emotion Regulation and Behavior. Correlational analysis indicated no
relation between attendance and any of the outcome variables. That is, the number of music
classes participants attended was not significantly related to change in EF, emotion regulation or
behavior by either teacher or child report. In the proposed model, it was hypothesized that time
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engaging in music training has a compounding effect on one’s cognitive functioning and
behavior.
The results of the current study are not congruent with our proposed model but do add
more ambiguity to a mixed literature. Music training has been observed to be associated with
changes in emotion regulation (Tate, Greenberg & O’Neill, 2021) and EF (Yeşil and Ünal, 2017;
Roden et. al., 2014). While unexpected, key differences between the current study and its
predecessors help to understand the departure from expected findings. First, Tate and colleagues
(2021) measured music training through retroactive self-report of adult participants, and so
“exposure” to music training covered a duration of “never” to decades. Further, the participants
self-rated both their music experience and emotion regulatory capacities. In contrast, the current
study obtained multiple informant reports to control for method bias. Further, the current study
collected self-reported outcome data from children and adolescents in addition to the teachers
who worked with them. Second, Tate and colleagues were able to examine emotion regulation
over the course of years rather than months. As previously stated, the duration of the study could
affect the ability to detect significant change.
In contrast to Tate and colleagues (2021), Aleman and colleagues (2017) had similar
findings to the results of the present study. In their study, music training was not associated with
cognitive or prosocial skills. They postulated that their lack of findings could possibly be due to
the short duration of their evaluation as changes in these domains may take longer than 1 year to
emerge. Additionally, Kraus et al. (2014) did not see effects in these domains until after 2 years
of music training. A meta-analysis conducted by Sala and Gobet (2020) concluded after
analyzing several studies that the effect of music training on cognitive function was null and thus
excitement about this domain is unjustified. However, their findings are unable to account for
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these duration concerns previously stated. In fact, the median and mean duration of the studies in
their analysis were less than one year (some analyses lasting for only 3 weeks). The current study
is more consistent with the literature on short duration of training, suggesting that longer
durations of study our necessary to see cognitive effects.
The current study is, to our knowledge, the first to attempt to examine the effects of
music training in a dose dependent manner on children’s self-regulation. One reason we may not
have seen a relation where other studies have is limitations on how dose of exposure was
measured. The attendance variable was our limited way of operationalizing practice time.
Although attendance at music lessons gives us a sample of the amount of time spent music
training, for some participants it is only a fractional amount of the time they spend training. In
addition to rehearsal time, they are asked to practice at home, some have ensembles they play in
outside of their lessons, which also contribute to their training time. After discussion with the
music director, it was deemed that asking participants to track their practice outside of music
lessons was burdensome, thus we were not able to capture these additional times spent
practicing. Future research should aim to capture and quantify all moments of music training.
This will likely be aided by technology so individuals can quickly log their practice in real time
so that it is convenient for participants and so that data is not subject to recall bias. Accurate
practice time is critical to measure as other cognitive treatment studies have shown that dose of
exposure to the intervention is related to magnitude of behavioral change in participants
(Halperin et al., 2020).
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Change in Executive Functioning was not related to Change in Emotion Regulation or
Behavior
Third, we investigated whether change in Executive Functioning was related to change in
Emotion Regulation or Behavior. We hypothesized that greater change in executive functioning
would be associated with change in behavior and emotion regulation, such that individuals with
greater change in executive functioning would also have improved adaptive functioning and
emotion regulation. There was no effect of change in Executive Functioning on change in
Emotion Regulation, Hyperactivity, Inattention, or Aggression over time. One explanation for
our lack of findings is the age range of participants. This study comprised children from vastly
different ages. These self-regulatory functions (whether EF, ER or behavior) develop in a nonlinear fashion with different trajectories for different functions, and different periods of rapid
growth or linear change or plateau depending on age. Therefore, the vast age range may obscure
patterns at different ages. Our study did not have a large enough sample to isolate these age
ranges based on current neurodevelopmental literature. For example, working memory growth
occurs in spurts with more rapid development occurring in early periods of middle childhood
after which there is a leveling off as children reach adolescence (O’Toole et al., 2018).
Another possible explanation could be the dramatic shift in the administration of the
music training that happened due to the effects of COVID-19, which took place in March 2020,
right in the middle of the follow-up period. New York City became a global epicenter of the
pandemic. Virtually overnight the city became dormant – businesses closed their doors, some for
the last time. School and university campuses closed down, and people were instructed to
remained confined to home arrest as scientist and government officials drew a response to an
event that claimed the lives of near 70,000 New York state residents, 1,000,000 Americans and
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over 6,000,000 people worldwide (New York Times, 2020). Further COVID-19 had a
disproportional impact on communities of color, similar to my sample, where people of color
were at 4.9 times greater risk of mortality from the virus (Chen & Krieger 2021). Such disparities
naturally had a deep impact on all aspects of life including the current study. At baseline, music
training was conducted in person multiple days a week. Between baseline and follow-up, music
training went through periods of being halted completely or being administered online via
video/audio technology services. Our finding may be capturing wider disruption that happened
during the pandemic. Additionally, the measures used to evaluate aggression and hyperactivity in
the classroom may lose their sensitivity when measuring observations of online learning. Items
like “bully, threatens and scares others” or “fidgets or squirms in seat” may be harder or easier
to observe in a classroom or online.

Change in executive Functioning moderated the association between music training
attendance and Inattention
Finally, we examined whether the relations between attendance and child-rated outcome
variables were moderated by change in EF. Only one significant interaction was obtained in our
current study; change in EF significantly moderated the interaction between attendance and
inattention at follow-up. For individuals with higher levels of EF growth, greater attendance led
to less severe inattention at follow-up. However, for individuals with lower levels of EF growth,
there was an opposite effect. Greater attendance led to higher severity of inattention symptoms at
follow-up. As mentioned previously COVID-19 dramatically shifted the way music training was
administered. In-person music lessons moved online, education systems stalled. The COVID-19
pandemic had wide-reaching consequences on various aspects of child and adolescent mental
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health including increased depression and hyperactivity, irritability, inattention, obsessions and
compulsions (Cost et al., 2021; Luijten et al., 2021). Further this deterioration was worse for
those with preexisting mental health disorders and EF deficits (Cost et al., 2021; Appelhans et
al., 2021) Interestingly, Miller et al. (2021) found that individuals who participated in their
mentoring and mindfulness intervention, on average, did not experience significant deteriorations
in various health outcomes, including sleep, emotional awareness, reward-based eating, and
executive shift. In fact, they found improvements in these domains. Further, they found no
significant change in measures of EF and emotion regulation, which they hypothesize was either
because mentoring served as a protective factor or because they did not have enough power.
Furthermore, it is possible our study captured COVID-19’s disproportionate effect on
students (Luijten et al., 2021). For those students with higher growth in EF between baseline and
follow-up, music attendance kept them on track or potentially improved their ability to sustain
attention. For the students with weaker growth in EF over time, there was a significant increase
in severity of inattention. While literature on the effects of COVID-19 pandemic on child EF is
still developing, Appelhans et al. (2021) found that young adults with preexisting EF deficits
appeared to be more vulnerable to the negative impact of COVID-19 on physical activity,
unhealthy eating, sedentary time, and alcohol/substance use. In light of their research, it is
possible that participants in our study who experienced lower levels of EF growth were more
prone to these activities thus contributing to the steady increase in inattention. Shuai and
colleagues (2021) found that when comparing ADHD children and adolescents who had
problematic digital media use to those with normal levels of use that the former group had more
severe core symptoms, negative emotions, EF deficits and a lower motivation to learn. It is also
possible that anxiety due to the negative impact of COVID-19 interacted with EF to account for
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this change. Literature supports a positive correlation between state anxiety, sleep and executive
dysfunction (Lavigne-Cerván et al., 2021). Further, pathway analysis in a subsequent paper
indicated that state anxiety specific to COVID-19 may have affected more generalized or trait
anxiety, which in turn may have affected sleep and negatively impacted executive functioning
(Lavigne-Cerván et al., 2021). This interaction may be more complex than Lavigne-Cerván and
colleagues observed. Further research incorporating Anxiety into the model of the current study
could bring clarity to the directions of these associations. Finally, we only observed this impact
on inattention. It is possible that music teachers were unable to observe hyperactive and
aggression due to the nature of remote learning. During this period of remote learning much of
the onus fell to the parental figures to manage behaviors and behavioral environments. Becker
and colleagues (2021) noted the shifting of Individualized Education Programs (IEP) or
academic accommodations (504 Plan) to the parents which caused significantly more challenges
to those with ADHD (low EF) than those without ADHD. This shifting of responsibility possibly
made certain behavior outcomes harder to detect by music teacher – especially given the highly
motivating, active nature of music as a subject. Still, it ultimately remains unclear the extent to
which music training possibly dampened the increase in inattention severity.
The literature has consistently shown an increase in inattention during COVID-19 across
multiple groups of children and adolescents. Raw and Colleagues (2021) found inattention to
increase as restrictions strengthened in the UK. Further, consistent with our finding they found
several characteristics and environmental contexts impacted the trajectory of symptom severity,
including the presence of a neurodevelopmental disorder, elevated parent mental health
symptoms, higher levels of family conflict, and low family incomes. One environmental context
that all students in the present study were exposed to is the amount of time watching electronic
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devices (i.e., screen time). Prior to the COVID-19 pandemic, Suchert, Hanewinkel, and Isensee
(2015) found strong evidence that associated sedentary behaviors with increased
hyperactivity/inattention problems. However, this study was a systematic review that included
multiple forms of sedentary behavior. In a follow-up study, Suchert and colleagues (2017) they
were able to show that it was screen-time-based sedentary behaviors specifically that accounted
for much of the increase in hyperactivity/inattention in children with ADHD. Further high levels
of screen time at ages 2 and 4 years old have been shown to predict executive function at 4.5
years old (Corkin et al., 2021) and to be associated with higher levels of externalizing behavior
(e.g., inattention, aggression), poor adaptive skills (e.g., social, life skills), and less likelihood of
achievement of developmental milestones (e.g., language, motor skills) at 5-years-old (McArthur
et al., 2020). To conclude, much literature shows that screen time is associated with worse
attention, especially for those with weaker executive functions. The interaction between change
in EF and attendance on inattention observed in the current study showed differential impact for
those with lower versus higher growth in EFs. For those with lower growth in EFs, the finding
may be less to do with music training per se, but may reflect the modality of instruction via
Zoom, consistent with broader issues observed during the pandemic of children spending vast
amounts of their day communicating and interacting with their world through a screen. For
children with higher growth in EFs, modality did not appear to impact inattention. Given their
resilience (represented by greater positive change in EF), they may have been better placed to
adapt to the modality of learning and take up the benefits of the music training. How delivery of
instruction impacts intervention is an empirical question and an important area of future research.
This is particularly the case as remote delivery might enable some children to be able to take part
in lessons as it overcomes potential geographic barriers to music instruction.
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Limitations and Strengths
Limitations
The current study aimed to provide preliminary evidence of the effects of music training
on child EF, emotion regulation, behavior. While the COVID-19 pandemic exacerbated and
caused limitations, nevertheless, these complications impacted the study. First, we were unable
to obtain outcome data from parents and school classroom teachers of the participants of the
study. As such, we needed to rely on music teacher-reported outcome measures. The music
teachers online saw the children in our study in a limited context. The music program they
participated in was independent of the public or private school system and as such the music
teachers only saw students after school or over the weekend during their lessons and ensembles.
Students who participated in the music program were self-selecting and motivated to be there.
Thus, music teacher behavioral observations may be capturing the children at their best behaviorally, cognitively and emotionally. This is in contrast to music programs that are required
by the school -system where children take the class as a requirement for their learning. Future
studies would benefit from collecting data from multiple reporters who have extended
opportunities to observe children, and who are also blind to the intervention. Parent and
classroom teacher ratings could provide ratings from individuals who see the children for longer
durations during the week and/or across contexts that may more challenging or where children
are engaging in less enjoyable tasks. Pulling observations from multiple reporters also could help
control bias as music teachers are the ones providing the intervention and thus their investment
in the intervention could impact the aims of the study.
As outlined above, COVID-19 had a deep and long-lasting impact on New York City and
even more so for the communities of color reflected in our study. Additionally, due to the global
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shut-down that was a reaction to the fast-spreading pandemic, music training temporarily halted
and resumed virtually. Little research exists on the effectiveness of music instruction online in
comparison to in-person lessons. Literature suggests that although online instruction increases
accessibility and improves management, teaching music becomes more laborious and increases
teacher and student stress. Moreover, there exist many technological barriers to instruction
(Biasutti, Philippe, Schiavio, 2021; Drammers, 2009). Further, the study initially planned
multiple follow-up points that were derailed due to the pandemic. After the shut-down the study
protocol needed to be amended to collect data online. This amendment delayed and ultimately
eliminated a follow-up period. Future research designs should be longitudinal with a duration no
less than 2 years in order to increase the likelihood of seeing cognitive change (Kraus et al.
2014).
Outside of the complications COVID-19 presented, capturing accurate practice data
proved difficult in the current analysis. The current study attempted to quantitatively capture the
amount of time spent playing an instrument rather than retrospectively asking for self-report. In
the current analysis, attendance was the most accurate metric of this construct. That said, and as
explained above, students practice and play their instrument more than the allotted group
rehearsal time. Further using attendance as a practice metric assumes a positive association
between time at rehearsal and time spent practicing where the more one attends music rehearsal,
the more they practice outside of class. This assumption may be inaccurate and thus did not
allow the study the capture music training effect in as accurate a dose-dependent manner as
desired. As stated previously, future research should strive to find methods of capturing practice
data so individuals can quickly log their practice in real time so that it is convenient for
participants and so that data is not subject to recall bias.
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Last, we recruited a small sample of children. This limits power for analyses.
Strengths
Our study also had several strengths that build on the existing literature. First our study
introduces a cohesive model that combines literature from several domains such as music
cognition, child development, music education, and neurodevelopmental research. This model
can pose a template for collaboration and further evaluation of music training as a construct.
Second, our study was the first to our knowledge to consider practicing (as measured by
attendance) as a variable that has some dose-dependent impact on outcome variables. Our study
builds on the mounting evidence that indicates the duration of music training intervention studies
should increase with some studies suggesting a duration of at least two years (Kraus et al. 2014).

Future Directions
Research on the neurodevelopmental effects of music training is still in its infancy. Our
study adds to the burgeoning body of literature that is attempting to understand the impact
learning a musical instrument can have on the developing brain. In the current study we have
begun to lay the foundation for further directions. The present study presents a new model
grounded in present theories of neurodevelopment. We assert that future studies need to contend
with the non-linear nature of cognitive development and musicianship.
This type of consideration is used in adjacent domains such as sports education and
mindfulness. Long-Term Athlete Development’ model (LTAD) is one such model that attempts
to incorporate a core understanding of non-linear biological structural changes to help enhance
specific physical fitness components (Ford et al., 2011). Similarly, Warren, Wray-Lake, and
Shubert (2020) examined mindfulness growth across adolescence and found no evidence of
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normative age-related changes in dispositional mindfulness across high school. Rather they
found significant variance in slopes, indicating that mindfulness changes more for some youth
than for others—potentially in different directions— across high school. They concluded
mindfulness may be person-specific, determined by context and ability, and ebb and flow
depending on the complex dynamics of each person’s unique and constantly evolving
developmental system. The recommended continued research in the “malleable” environmental
factors that may impact mindfulness ability. Taken both these domains into account future music
training studies should take developmental trajectory into consideration. In addition to creating
manualized music training programs built on sound music pedagogy and developmental
principles, deep consideration should be given to examining which outcome variables are being
measured based on the age of the cohort to whom the intervention is delivered. For example, a
cohort of 4- to 6-year-old children may show more rapid growth in “cool EFs” such as working
memory and attentional control after the intervention.
Further we were not able to stratify results by baseline EF skills. It may be that positive
change is seen in individuals who are weaker levels of EFs to begin with, as these individuals
have greater room to improve over time. This is an area of future research.
Finally, the current analysis only used self-report measures to assess executive
functioning ability and other outcome variables. Further study should incorporate “objective”
measures, which have been linked more strongly to cognition than the behavioral manifestation
of weaknesses in these cognitive abilities (Barkley & Murphy, 2010; Biederman et al., 2008).
Some examples of age-normed, standardized quantitative measures that could be used for
executive function assessment, depending on the age of cohort, would be NEPSY Second
Edition (Korkman et al., 2007), Delis-Kaplan Executive Function System (D-KEFS; Delis,

72

MUSIC & SELF-REGULATION
2001), a Go/No go Task, or a Conners CPT (Conners, 2014). Findings from these measures
could be integrated with teacher, parent and self-reports of children’s behavior to enhance
measurement validity (O’Neill et al., 2014).

Clinical Implications
The necessity to examine the long-term impact of sustained music training coincides with
new proposed models of psychosocial interventions for executive dysfunction in the ADHD
literature. Evans, Owens, Mautone, and DuPaul (2014) proposed a push away from the standard
models of care for ADHD to a Comprehensive Life-Course Model of Care for Youth with
Attention-Deficit/Hyperactivity Disorder. In this “Life-Course Model” ADHD intervention
comprises four layers of comprehensive care: foundation strategies, strategies to increase
competencies and address functional impairments, modified or supplemental interventions, and
accommodations to adapt environments to children’s limitations. They argue this model differs
from other prevailing models that emphasize short-term symptom reduction by their prioritizing
helping youth with ADHD improve competencies and develop into independent, healthy adults
who achieve occupational, personal, and recreational success (DuPaul et al., 2020). Music
training interventions have the potential to serve as an additional treatment method in layer 3:
“modified or supplemental interventions.” The goal of this layer is to improve symptoms and
response to psychosocial interventions in layer 2 ("strategies to increase competencies and
address functional impairments;” Evans, Owens, Mautone, DuPaul, & Power, 2014). If sustained
music training indeed delivers the benefits proposed in the model presented in this paper, it could
serve as a potential bridge to achieve occupational, personal, and recreational success. An
intervention that slowly improves executive functioning deficits, aides in the development of
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adaptive functioning and can be administered with other psychosocial intervention would seem
to be a welcome addition to this Life-Course Model.
Further Evans and his colleagues propose 7 principles for service delivery in their model.
Services must (1) understand contextual and cultural factors, (2) promote treatment engagement
of parents and youth, (3) tailor interventions to child’s developmental level, (4) design
interventions to meet individual child and family needs, (5) facilitate alliances within and
between systems, (6) offer implementation supports for intervention providers, and (7) conduct
progress monitoring to evaluate treatment response. Music interventions can achieve all of these
principles. First, the music that children learn can be products of contextual and cultural factors,
with care and thought by the teacher in choice of repertoire. Methods of music pedagogy, such as
the Suzuki method, promote parent youth engagement and are tailored toward children’s
developmental level (Bugeja 2009; Thibeault, 2018). Given the breadth and depth of music
pedagogy, music interventions can be tailored to specific cognitive and social needs of families
while generating the community that music communities often foster. Finally, a successful music
intervention program could be designed to be administered by music teachers in schools,
extending the accessibility of the intervention beyond families who can afford private
instruction. This however, would require a rethinking of priorities, particularly by public school
administrative entities. Music training has been consistently being cut from education. The New
York Times reported in 2018 that of 59 small schools on 12 campuses that formerly housed
large, comprehensive high schools, only 18 had a full-time music teacher. In many of those, the
only classes offered were music survey courses known as “general music,” or instruction in
piano or guitar, or computer classes where students learn music production software. Only eight
schools had concert bands, and of those, only five had both beginner and intermediate levels
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(Bloch & Taylor, 2018). These cuts are particularly pronounced in high minority, low SES
school districts. White suburban students of high SES tend to receive significantly more music
experiences than students of color from urban and rural settings, and low SES communities
(Miksza & Gault, 2014; Elpus & Abril 2011). This leads to disparity in higher education. If our
proposed model proves efficacious, school districts would be encouraged to include active
participation in small group music training.
All in all, to participate in music is to participate in feeling. To let children, sing and play
forte or piano; sharp or flat; allegro or lento is granting them permission to express their full
selves in all its richness – something worth holding onto indeed.

Concluding Statement
In summary, this study proposed a model whereby there are independent effects of music
training on brain physiology, cognition and behavior, and also indirect effects of music training
on behavior through brain physiology and cognition. This study tested a component of this
model; specifically, how music training affects cognition and behavior, and whether change in
cognitive functioning affects behavioral change. The results of the current study provide some
preliminary support for the direct effect of music training on reducing inattention over time,
although only for those children with higher growth in executive functioning between time 1 and
time 2. The current study did not find that improvement in cognition (i.e., executive functioning)
was associated with improvement in behavior over time, limiting support for the model’s
proposal that cognition drives behavior. As noted above, much more work is required to
understand parameters impacting the model, including duration of the intervention, how to
measure cognition and behavior, and individual differences that moderate outcomes.
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